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PREJ ACK '1(> ^RK.lNAl. ME>«)lRi'’ 


11(1 M I K ^tutT\ ot tlh x.iimU* imI in Ui«‘ Huimt.ii tun’ nl 
fhts* h;^^ tin ht( t tth.it tin \ »ii^x •( Xi rpt iinu4 <ntuhtic«» 

tliV)>Tliy(‘<n>\ llif 1m >4 ui*tln Jii an not iih n i\ tlfl^r t^u to clirjiiicjil 
C<* i^Ht»ition^ I'lit an tin oiit< on^ of tln'it « xai t itiimTaloi'ical 
liattirr. and (\iii o{ tin- 'i/» and 'kijn ..| tin ii < oto»t il in nt 

In* H’«rl^?lll knnU of iflasv tln-n an (•(••tJfln j>onnn4fiild* im*- 
HI Kith fonn and coin ii^^it ion ot tin- niw inatorul^ 
winch Itllnw tin cinployincift of a la^'i r nmo*' thati had hitherto 
Ik‘S. f<usf)Oct*’<i A Hcan-h in loralitn-'. when I ihiHi-Sand ha** been 
wnr in the fia^t. arnl at other " lik* 1\ jihieeH. ^hown that 
lar^o- sup^die^ are asailahle, and ha' i;i\**n indnal mn** of diri'itioriK 
in yhieh further sean-h ini^'ht U pnititahh undertaken 'I'iie 
m-areh cannot Im- ri-vr*iriled .i" ijiiite exhaiutne indeed it m '♦till 
U*in^ pr«[a*cute<l w'lth vigour, hut it Iihn In-in thou^dit Inmt not 
to delay puh^ieation. ly order to «*rt frrH* as Mvin an |>o^Mhle the data 
already collected 

Thia woA: erabodicji the practical result' which flow from a* 
rienes of ffiveatigations c-amtsd on Jn I>r I^«wi!l, with the )mpj>ort 
i)f the Imperial College fmm the In'i^innintf and of the Minoitrv of 
Munition* in it« later Huge* I^arije nlUlnlJtn•^ of yuitenal [ui\e 
Ireen accumulating mne# iJn2, yver\ l(M-aht\ dewnin'd han Kn-n 
penwnally htudunj hy tkl* Author, and with the^cK-eption of 
certain ScottUb and Imh aandn n-ceivcil by favour of the AjiHihtant 
[Tor S<ytland)4<) the Director of M M. (Jeological Surrey, ami of 
the Department of Agriculture fot Irelaml -only namjdeH eolh^And 
t^himaelf hare been §uh]e<*ted U> ana)t»u» The chemn^al analyaei 
have been made, by kind p?rmnMiion of Pnifwin^ir Ikker, in the 
Chemicml IX‘jArtment of the College. They are tln^wotk of 
Dr. H. F. Harwixxl and AJr. A/A. Eldndge, wli^ liave devotNl 
moch thought Snd eaige to the metliod* eitlpoyitl. All the 
liachanical and mienwcopic analy»e»*aDd^otber work have been 
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carried y in the kbomtorie* the f^loj^cal Department* 
aMsiKtance in indexing^nd in the preparation of phoVgrapttR 
liaw^bin gijen by Mr. G. S. ijweeting. 

j ()^ir diejirty^hfnfs *R- t<*ndertMl t<» iji^y glass-ii^nufa^rers 
and tjuarrjijJownjjrK* who liave givefS tlj- Author evtjrv facilit,| ^or 
hi« work, and have freely diHeu.sH(*<l ^with him the Urhnici^e 
gla^tK-making^nd the e<*oftdinn- faeU»i>^fd tin- induntry. W| arc 
aUo indebted f<»r heln on tlie eheiijical m^c, m th<* discif»si<‘>i^ 
of ruHult* and the i!idicafi>in ,')f**j»nmijsing*lii«?s of eixpipfi, 
t(» Pnjfefeaor Herl»<ytL^daekH^/ll. <^4 King''> (•nil*,, Ijondon, awl 
l(j Dr. WaUer^‘h»henliain, F.lt S , of, the National Plw'Seal 
Laboratory. 

th<‘ Btudy of Hiind> .ind ^•late<l sediments has iK^omr a 
Matter <{f^ prenMii^ national MnjxVttiin't’, and •as tliis IS tW first 
llfork publihh(‘(l on Hriti.*'l»*i‘eM)niveH of these iimt^ia^, it has 
Ihhjh thought well tx> go a® little ouV'ide the obvious 8Coj*e of the 
Memoir in two direetions 

(1) The projH'rti<‘s (d saiaU are so \aned, and tlie iv<jnnj^'ments 

of file different industries so diverse, that the A*uthor, 
luis enteiHHl into some detail Inith on tin* U^st methiHls 
of iinestigation and on the mo.st convenient in(Kk*s of 
expn'ssing the result. s thus obtaiiUHl 

(2) At the Haine time, the projH.'rties of sands suitable for 

gluss'inuking are in some cases identical with or allied 
to th(]^- useful for n’fractorv jnirposes, such as steel- 
moulding, fettling of furnaces, and tl^^ making of silica 
bricks. Heferi'iiee has lieeii made in p^in^ to proper- 
ties of this luilure, and the applicability oft the same 
modes of enquiry lais Unm indicated. 

Jit should Ik* staUsl, b^^we\er, that the sands actually descriluHl 
in Chapter >*1. are only a ver> small fraction of the total number 
examined and analysed. Hosts of cithers have been “turned 
do\4'ii,” either becaust* they were wholly unsuitable or on account 
of the jaiasession of projHTties^wilh whibh the manufacturer ttis 
no%so far lieen able to deal. 4^ the chemistnr of glaas'inaking 
advances it is probable some of theu* disabilitieft may 4^ 
apj)6ar~~ indeed, some of them are alt hut overcome — and then ^ 
large^amdhnt of apfmrently unpitatucttve infonuatioi) obta^tied and 
by Dr. Bdkwcll will find 

w. WAjm 

^mpml Colktr* ol Saktm and lllaekMlQg]^. 

J f o f t w Ur W6, 



TS. '1HE Slf|‘N,*Scl9f»TAR\k* 

memoir. 


■mk nv,.,,t,„ff ^r„H. I., it,.,-,..,. „, „.n,thpr u 

rflaiuifactureiV* im,,tip.l„M» t.. ll..' ^MliiirV ■Memoir on 
IWSh KoBourofs o^S«..|s oiital.l.- for - |,u|,lii,h(!<l 

->.v Wir lin||..rml t'oll.y,. at tl.r yort,.i,.v „f the Mini.trv of 
Munitions of War, mn-len- Tt ,lesir..l,|e niiat the infonlitkii 
lOcuiniilatiHl g). •'houlff l»c l»\ tlinA aniuinKL^ 

ince,< 

Not only ha., v-an'h for .^iitithh- iiaiulK foUowwi 

^ up, «)ut oollat^Tal ciKjuirifs ha\f U*« n oarrufl out, iMKiciilarlv with 

n*ftT^fr to (l,<jK.Mt^ 1 N*ariti^ <■o^^tltu^•nt» sio rHMvnti|^l tlic (^Iam 
* In(iu>trv Hh |K)tii.slj and alumina It i*. U>1 u v<h1 tiuit tlu* nurvev of • 
British n^sounefi of ^laA^•sall(l i. luiw lairli oxImuMtive, ami Ihi* 
Author iiUK a^in iiiaflt* a jK)int of xiMitin^ all thf ftoun'pii fff supply 
deikTihed* A inon* <Muu|flet< acrount of rruAhtnl nn k* and their 
}K>aiibilitit‘s i* now fiyiiiKlied, t«»grth»T with a dmTi)>tioii of the 
Aiuerican glasji-iands in rnon* oomiuon usi', 

. • 

Thu work for thu " *\Iumoir ’ n*ceu«'d thu autivf f»upja»rt of the • 
Imperial TiJollege, the publicatuai U*in^ appn)Vi*d and iU coal 
fOiamiiteed by the Ministiy' of MunitionH Thu Huppietnentary 
work detaile<l in the preaent publication Imn lam earned ^t 
entirely under the aunpftiek and^ith the iiup|»<>rt of ?lie Miniatry, 
the College netting frw* aK^ara» |M>iu»ible the wrvici,** tlie Autbor» 
finding, as before, |11 necf*)iMiary laU>raU)rv facilities in the 
Cteologipal Deplrtiuent. 


^W. W. WA'TO. 

BttpMial Coikfs of Bomms and TMhnobgjr. 
No 9 mnb 0 r 1917 . 



WmOR’S NOtE. 


As the respective Prefaces'to the Originj^J Memoir and'Suppl^ehi^ 
indicate, the g*eate^ portion ^ie**informatioh*'iBcludeA in y^is^ 
volume has been t|^(^ub)ect-ma^;tej* of two ea|ii§r }mblication^>. 
It appeared ^im^rative that such information should b(i. put 
forward as it l)ecame available. But the appreciation of the eariie* 
qUen^irs by those ciw nee ted* with the industries concerned has* 
been such as to result in the exli8,y,stion of the lirst issue* and to 
neceisitate a secoiM •dition. 

In this volume the original hik^ sup}>lementarv puWications 
have been combined. A few jx)rtions have been re-written %nd 
further i^jformation ap])ended, including additional aj^alyses. 
Repetition has been avoided as far as possible, but the stress of 
the times and the need for rapid re-issue has prevented as exhaustive 
a scrutiny as might have been desirable. The Author therefore 
begs the reader’s indulgence in this respect. 

The Department of Optical Munitions and G-lass^ware Supply 
of the Ministry of Munitions of War has, by its energetic and 
, prescient measures, done much to place the Glass-makilig Industry 
of the United Kingdom on a sound basis. The scope of mtnufacture 
has been enlarged and the quality of the products much improved 
by the co-operation of min of business with men of pure science. 
The linking «t)f scientific with industrial elements, to their mutual 
benefit and for the good of the Oluntry,both under the conditions 
of actual waFfare and of the trade -revival which will follow the 
War, is in no small measure d^e to the ’far-seeing policy of t#e 
Co^|troller of this Department, S. Esslemont, Esq., C.B.Jl., who 
has granted every facilitj^ to the Author and freely rendered hj^ 
every possible assistance. 

Tfcfe Ailthor ^desires to record his indebtedness, in general to the 
QtlbfiB-inanufacturers, and in particular to Prof^sor Sir Herbert 
ilr the help wbicfe baa aris^ out of many 
and diaouaaions. again due to Hr. H. F. Harwood 



AITTHOK S NOTE. 


’aAd Mr A. A. Eldridge, of the Chemical Department of the Injjfe’rijri . 
Collfte,[who have carried out neaflj^a hundred complete chemical 
anal^s Jind over seveSt^^ partial analyst pitreiy*lor thisi wf)rk.,' 
•^hout or\p hundred and s^nt^ mechanic^ anabases and almost as 
manf* mineral ‘analyses Have also been made by * the *Author in 
’c^onn^xion with the investigatSui. Mr W. B. Wright, ^.A., F.G.S., 
,of thft Geolcfgical Survey Ireland, kindly adds a note on some of 
the Irish supp]jdl;*of ^elspai**f‘ottimunicated pewnission of the 
iD^ctor. As^is^inee has at aU ^iines be^-^freely rendered by 
Dr. E. S. Turner, M.Se. and Mr. .1. H. ^avidson, M.Sc., 
Qf ihe newly*create(f Department of Glass Technology in the 
University of'Sheffield. Prof. G. G.^ullis, H-Se , of the IinpeniJ 
College,# has kin(ITy read the ^foofs jind offered man^ useful 
suggesfions. The Author istaulso indebted toisiM^. G. S,* Sweeting, 
who his lievoted much time and trouble to checking proofs, and to 

assisting Vitli the photomicrographs an<f index. 

• 

* At the time of the publication of the original “ Mem(^r a new 
organifation, the Society of Glass Technology, had*just been in- 
»augurated. The valuable papers in the Journal of the Society 
demonstrate the need which existed for such a Body, and ai'(‘ 
indicative of the interest now being taken in scientific and technical 
(jiiestidns relating to glass-manufacture. The work of Mr. 0. d. 
Peddle, M.Sc.,' Chemisf to Messrs. Wood Bros. o£ Barnsley, calls 
for special note fre^u the geological point of view, in that he has^ 
shown the possibility of using in the Works even second-grade 
British sa^s for making the be.%t qualities, not excepting even 
the optical varieties, of glass. 

Finally, the Author gjadly takes this opportunity ^ expressing 
his indebtedness to Professor Watts for reading the manuscript and 
*proof8, both of this and the first edition. The work l!a.s benefited 
gimtly by the valuable s«gge.stions^which have been the outcome 
of Profissor Watts’ success in poj)ularizing geology by teaching 
an^ writing, and in promoting the application of geological science 
to ’industry. The plan of the original Memoir was also due in 
no small measiye to the assistance freely and continuat/j ^iven 
by his one-time teacher of geologvm 


March 1918 
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.fHifPTER 1. 

Intro r)U(jTORv : Uses ?)f Sands. 

V. . mfrterarresourt<* M’ (iritain noilfe ar^^more abundant 

%r*inore varie(? jn quality and *us€^ than sands. Their utility, in 
l^ie national ec^fiomy of this country at lea«1,*has never been tully 
appr^iiited. Yet tl^* i^griculturist, the builder, the# glass -maker, 
•the metal-founder, and even the housewife, all turn in their need 
•bo th^ naturart sand-resources ojfc the Country ^ 
To tbe man in^Bie street to-daf the differences between one sand 
and aiiother {^e neither striking^ior imjwrtant. ^This attitude has, 
of coi^se, n( 3 jfc been shared by those wlm are concerned with th? use 
of sands %i industry, but it is noteworthy that little or no systematic 
investigation of the special properties offiritish sands of commercial 
A'allfe has hitherto been attempted. 

In ijjany industries the best sand available for the ji^rpose has 
been found by a lengthy process of trial and error, Ifit the reasons 
for its suitability or the reverse have rarely been systematically 
look^ into. The inevitable result is that when material of value 
for some specitic purpose is no longer available serious delay and 
inconvenigice are caused. Especially has this been the case in 
glass-manufacture and in the casting of particular steels, for which 
the most suitable mat^ials in use up to the present were said to be 
certain foreign sands with proj)ertie?! j)eculiar to themselves. The 
I’estriction of stop^ge of such im}X)rted supplies in war-time, owin^ 
to shortage of ships and labour, has set on foot enquiries as to 
whether suitable sands occur in Bi*ltain, and, if so. whether they can 
be profitably worked. ^ 

Such an enquiry necessitates not only a thorough knowledge 
the sands themselves, their mode of occurrence and properties, but 
an investigation into the; materials previously in use in each 
• industry, and an attempt to ascertain the reasons for»their special 
suitability. Why, for ei^mple, should one moulding-sand “ bum 
on*” to Jbhe steel poured into a moild and another yield a clean 
smooth casting ; or one sand produce a clear, sparkling, wl|ite 
gk^, fit for table-ware or for optical ifistruments, and another 
only a poor green bottle-glassj^ * 

All sands consist, in the main, of silica in the form ^ broken 
grains df crystalline quartz associated with variojis f<Jhns»and 
proportions of impurities, partly* impregnating or coating tiie 
quartz, and pa^l^in the form of grain# or du6^#of other inp^- 
dients. When sand is u^ as a source ^of silfca, as in glass-making, 
the most obvious requirement is that i^.should be ^s pure as 
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possible and especij^lly free from ingredientij which would dfminislC' 
the jifility or beauty of the finished product. For other purposes, 
diowevo*, the “impurities” themselves may give the sand it? special 
yi},ll^e.' In reertain industries f^ie hardness and shajje of the gi^«ii;s 
"lire cioi:e esserf^'ialrtl'ian (t^ie composition, the difference bet^leen 
“ angular ” and “rounded” grains (JK't;onies an important matter. 
Again, tho size, of the individual grains, and more paiffi(?uM*ly 
the relativjL' proportions of material (, f different sizes in a sample, 
has sometimp’. a teiring on the use of ^md : this is s])oken o-* as 
the “grading” or “ grade of the sand. ^ , 

In a material ustd in sueli lafg<* ^quantities as sand, supplies 
must be cheap. This means 'that the sand mi}si be abundant,' 
loose, or at k'ast eft.siVy di^' in Migrated, and eliea])]^ worked; that 
seams or beds must run very evenly in aiu^ure and com])osition, 
and must be cleanly marked off from other seams or materials ; 
a|vf)>Je all, that the ly -rkad must be easily accessible and carriage 
inex])ensive and convenient. ' 

The term “ san/^ ” to the gtiologist .connotes a limited range of 
chemical and mineral comjxysition, and a definite grade The term 
'is generally extended to include otlu'r minerals than quartz, and is 
psed in commerce for material of varying grades irresj)eetive of 
composition or angidarity. Jt is aho apjdied to consolidated 
sandstones ‘ and even to hard siliceous rocks which hav^^ been 
crushed for edmmercial ])urjK)ses. In this Memoir the most ev- 
tended commercial a])])lication of the term will be taken. 


>Somr IhrK of Santis. 

Before jiassing on to discuss the sjiecial ])roperties which it is 
desirable for glass-sands to jiossess, it will be well to consider 
briefly liow desiderata vary in different industries and applications. 
^ Sands bearing minerals of tlie rare earths ijueh as monazite, 
xenotime, thorianite, zircon, etc., are worked for the elements 
yttrium, zirconium, cerium, thorhim, lanthanum, and others, which 
are used in the manufacture of incandescent mantles and filaments 
aiid for refractory jiaints. Thos(' bearing gems, gold, platinum, 
cassiterite, and wolfram are similarly v,orked for the precious 
materials they contain. 

Shore-sands, and others such as the East Anglian “ Crags,” rich 
in shell-fmgments, form an admirable dressing for the land on 
account of the lime that they yield ; this ingredient promotes 
ditcinage by flocculating the cLy of tlie soil, and helps the plant 
by neutralizing the organic acids naturally produced. The va^ue 
of such shell-sands is enhanced when they occur near to agri- 
cultural country and lime has to be imported from a distance. 
It is^ desirable that all coastal deposits should be investigated in 
this connexion. Even if the sands are not calcareous they render 
heavy clay soils lighter and more open, breakiifg ^em up by the 
admixture of coarser giade ^naterial, and making the land warmer, 
more permeable to air, < gases, and water, more easily draine<^ and 
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more amenable to wording. Here grade, as well as eoiirposition, 
is an important factor. 

'jjjlie J* (Jreeiisands,” so-ealled beejuise tliey are eoloiii'ed by4;he 
niiinnal gihiiconit^ wiil^^tbey contain in ^uin^i^v, Vi.ve loijg i»een/ 
,uscd as fci^ilizers. Tl>c* deposits of economic iinpoi-^ince ii) the 
Tnitecl Kingdom arc of (Jvtaceous and Eocene age. #(jlaueonite 
is a silicate of iron, aluminium, and jtotassiuni ; it decomposes 
mui*k more readily tli.in otlicr jiolahli-bitiring silicatiis sucb as the 
fclspiys, orthoclasc and nncroclim', and flms liberates t1i(“ valuable 

* )lant-fot)d, ])ota^U! ^onic gl'dcifsands are of tidditional value on 
ncnSuiit of theft' carrying ealcmfti j>♦lo^})bate, an ingredient also of 
im})oi'tanc(‘ in ;|c‘ficuitui'e (ilailf-onitic sani^^iaw also been used 
for siij^tening wafi'r 

» The us(‘ of sand foraiirasive purpos -s depends on the hardness 
Jiiid tflnghnesR of its I'enstitiu nV, aii^l on th^ “ sharpness " o|* i^ 
grains Quai't/ i^not on]_\ liarii, hut, as it has no eleavage, it 
breaks ^irreguliir!) i^nd does mtt easily commii^ute umlt^i' wear. 
It is emplov^id for grinding* maihle a^id othcT stone, plate-gfass, 
and metil. It is also iisi-d for arninig stone-saws, and in the 
sand-blart- a])plied to glass-cutting aiat etching, the cleaning of^ 
castliigs, and innumerable otber industrial jiroi-csscs. In this work 
,it soon lohi's its " sharpnes.s ' and ri'ipiii'cs fieipient renewal In 
till' .ikfaa\^ the housewde used a (di<‘a]>, line, sh!!rp sand lor 
fscouring pur}>oses, now ''he bins scourmg-soap consisting largely 
of similar tine angular sand bound togethiu' with clay, soaj), and 
gum * “ Sd\(‘i'-sand " is a term used for a> fairly pine fini' white 

.sand, used mainly for scouring and for lightening soil Sani])les 
sold bV hardwai’e dealers in London ajijiear, h'om thidr mineral 
eomjiosition, to come fi-^m the Lower (invnsand. 

Large quantities of sand are now eonsiinied m the soap-industry 
for the makijig of Sodium silicate, which is a constituent of some ’ 
of tlie commoner soaps. Not onl\ have ])ur(‘ (|iia]'tzites and vein- 
quartz beeircrushed to yield “ sand^ ’ loi* abrasivi' and other soaps, 
Init also the relatively inqiure (llaeial sands of Lancashii'e have 
been pre.'^sed into scrvici* mi account of tbeir proximity to tb^ 
seat of the manufactiiri'. tb'odmm silicate (“ w'ater-gli/'Sis ') is also 
manufactured for jireservatiu* })urposes. 

• In the manufacture of the artihcial alirasive, eHH'borundum 
(silicon cai'bide), sand am] coke are lieatial together m an electric 
furflace. Carborundum is also useJ in refractory bricks, as a 
j^eurce of silicon in steel-making, and foi- certain cliemical purposts 
where its reducing ]>ro{)ertics are of great v^luc. 

Aosely allied to abrasives a^e frietion^ands such as tliose used 
to increase the gri]) of wlieels on metal rails. These san^s must 
be not oaiy liarfl, tough, and angular, but also dry ^nd ^f efen 
grade so as to slip freely dow n the ftieding-fuimel. Similar sands,* 
which are better iii not angular, are us#d in l¥)%r-glasses and 

• By an order of the German Government in A#f. 1916, the use of sand 
instead M soBp for scouring purposes was made compulsory. 
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egg-ijimers. A weft-known geologist, when iaced with the enquiry 

the geological age and chaiacters possessed by these sands, gravely 
avqidfid th? iss'ue by pointing out that it was not the cystom of 
^e^ogists lo i^asure tinie with h.oiir-glass^ ! . 

' The'pracfice o 5 sanding floors has alitfokt died out,i>ut the use 
of winds for road sumces and ^‘or jnaking road maj;erij^s is 
increasing lujiidly. Angular sands, free from clay, •are utilieed in 
the asphalt industry, tin mixture /hf sand and pitch beii^ of 
considerable^ value for road-dressing, fltie sands utilized art;, as 
far as possible^ of ^loeal orighi ; Jijpj'eJ Givensapds from ^urre_\» 
and Bedfordshire, and Goralliigi si^nd irom Oxfordsddiv, have b^en 
exjdoited for this ^ ^ ^ 

Considerable quantities of sand are worked for buiIding-])uy)oses. 
Most sands are suitable for mixing witlf lime and water to make 
moi’tar, and usually ea(*h distiiet is able to satisfy its own derpaiidsj 
fl?hore-sands are, hovfever, avoided **011 account ^ tlie tendency of 
mortar iriyde from them to “sweait” owing to the thiiiMilms of 
delKpiescent sea-^aKs having k^cn left as a e()ating*on the^ grains 
when the sea-waiter evapofate;^ These salts are brbugj^it «to tlu' 
surface by percolating waK‘i') «ik 1 left on evaporation, similar 
'effect is observed in the complete lireaking u]> of Chalk f\)ssils 
collected from s])ray-beaten cliffs, unh'ss they have been w’ell soaked 
in fresh water before storing. Building-sands should k ^fairly 
angular and not too flue, in order that their gri]) on the calcareous 
matrix may be strong, the mortar becoming truly a miniature 
concrete. Sands used wuth Portland cement ought not *fco k' 
rounded in grain and should jireviously be w'ashed to ensure 
cleanness of sui’face. 

The clays w'orked for brick-making are^, often stiff deposits of 
almost pure clay. As such they can only be used for making flat 
. tiles and pipes w^here great strength and adhesiqn are required. To 
reduce shrinkage ami cracking during the drying ^nd firing of 
bricks, sand is added to the clay and thoroughly mixed, evith it. A 
porous brick of good shajie and soundness results. Here, again, the 
grade-composition is a Ifading factor. Many of the so-called clays 
in the geqbgical formations of Britaiy are not true clays, but 
contain already a variable admixture ot sand and are thus really 
loams. Th^ Glacial brick-earths, tin* Keuper “ Marls,” and the 
London ‘‘Clay” are deposits of this character largely employed 
for brick -leaking. 

^Parting-sands, which are usually dry, sharp, fine, qmartzose 
sands, are used in metatl-casting and in the manufacture of bricks 
and pottery. In the cass- of brick - and tile-making, the sand used 
to “dust^” the mould exercises considerable influence on the texture 
anc^col^r (due usually to oxides of iron) of the surface of the 
%rticle. Th^ ability to withstand weathering and the aesthetic 
value thus dep^md in pa^t upon the «sand. Thg use of sand, as a 
substitute for dint (.when the latter is not procurable in the 
making of glaze, has not found much favour m the Potteries. 
Sand is used for repairing and lining kilns or “oven^b” %nd for 
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dusting the floors, fn metal-casting, “bunit” moulding-sand 
from near the surface of previously^iade castings is^ fi’e^ufeh^.. 
an^fsucifessfully used as a parti ng-sajjd. 

In conffexion AVith #ater-supply, sands*are%)^ c^isideiable im-* 
portance fdP purposes or Jiltnition. In (^der that there may De a‘ 
larg% pr(?|)ortion of inters^Jice T)et\veen tlie grains, the^ind should 
be fairly coarse and its grains preferably rounded,* with as large as 
posijble a jiercentage of grains belonginff to one gni(k. * Thus the 
sand*houkl*be free from ^ay, and of course from oi^anie matter, 
while the absen(^!,bf fime is %w iiflditional advai 
' •Before the iTi^roduction of blTitting jiaper sand was of service as 
a»n absorbent f(ll-'*superfluoa«s writftig-ink. li^i^ said to be similarly 
utiliaied in modern industrial jmietice as an absorbent for exjilosives 
of •the nitro-glyeenne\y])e, in substitution for such natural siliceous 
•eaidih^ as diatomite and kieselgiihr. • • 

§Th(^ most iufportant eomiiK^-eial uses sand, namely, Ihofe 
connetif-ed witli tlie^woperty of l^fraetoriness to high teyifenitures, 
have ^een 1^^ until the lasf. Silica, of whic^ quartz is the Com- 
monest «’ystalline form (though other lillotropie modifications such ' 
as tridyftiite and cristobalite Txist), haiPto be raised to a very high 
tei#|)erature (l()o0° (’entigrade) before effective fusion takes placed 
Quartzose sands and sandstones b(‘aring a high percentage of silica 
and iCo duxes sncli as alkalies or alkaline earths aif therefore in 
great demand for the doors, sides, and roofs of kilns and furnaces, 
and J:'oi' the bottoms of soaking-)>its. Sands of corresjKuiding 
composition are also reipiired foi’ fettling furnaces (that is, re- 
coating wfth silica the baths whicli hold the molten metal ), making 
crucifdes and fire-bricks, and other similar junposes. 

“Silica-bricks,” use^ so largely for furnace- work, gas-ovens, and 
similar purposes where very high temperatui'es must be successfully 
withstood, iire m*de from refractory sands. No lime or otheij 
alkaline earths, no alkalies, and very little, if any iron, should be 
present. ^Highly quartzose sands aix* therefore reijuired, and a 
gi’cat advantage accrues if such .sands possess a “ bond ” which is 
itself refractory. As examples may be (|uoted the kaolin-bearing 
whitish sands of T)evoi> and Cornwall, as.s<>ciated wp|;h kaolinizecl 
gianite, and the similar dejwsits of the Mountain Lime.stone district 
of Derbyshire and Staiforashire. 

Included in the subject of refi’actories comes the wide and 
•dl^culj problem of moutding-sandsl These vary accoi'ding to the 
metal which is being cast, the shape of the mould, and theii’ po8i|ion 
with res})ect to the metal. Thus there ate facing- and core-sandS 
iS addition to ordinary moulding-sand,%nd the range in comjxtsi- 
tion is from true sands almost entirely composed of quartz to loams 
containkig n« ’small proportion of clayey lond. The problem of 
moulding-sands is too large and (Wntroversial to be* entered uppn 
liere, and demanis a mem(fir to itself* but a hw points may be 

§ ^tions marked thus deal with sands and {naeks which are also of value 
w raracrory purposes. 
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emphsisii^d. Difficulties mrely arise as a Result of the sand alone 
in the casting bf iron, braas, bronze, or other alloys, where the 
*l©fnpe^tur« reached by the i;|^olten metal does not exceed 
iGJentigrade? ^ sand ia!> however, perfec% refractory Jfo’r steel - 
€asthig;and the sdrface* jf the mould maj'liave their qifertz melted 
or reerystaltized as the mineral trit!vmi^/t? (conversion tem})erdiaire 
about 800® lo 1850° C. according to the time occupied). To obtain 
a very refractory sand, ligh silica -|4rcentage is demanded, #and 
the absence lime, magcesia, and tlit^ alkalies essential. , Tor 
■ high-temperature ca^itings ordinal^' must not be ]ire,sent, as 
it fuses too readily. Kaolin i% a very refractory cl«ty, but, uni«<#r- 
tunatel}’', it does noJ},<iike most oydinary clays, bectime sufficiently 
plastic with water to bind the sand well. A binder, either na/ural 
such as clay,*or artiHcial, such as oil, gluten, flour, dextrin, treaqle, 
etc.,^must be pi’esent in, or be »dded to, the sand to bind it together 
alRd ensure its standing up firmly in the requir^il sha])e. At the 
same tiiije the mould, and particularly tlie core, must be ‘'‘ open,” 
thatris, suifccientlT permeable to })ermit the })as*sage li(juicls and 
gases when the hot metal* is jxmred into the mouldy *lt is 
therefore desirable that moulding-stmd should contain*' a good 
proportion of the medium-grade sand, ])robably round or subangrlai‘ 
grains being best. It should also contain a proportion of a 
refractory clay to act as a bond, whether or not additional Ifitding 
material is to be added. Tlie intermediate grades of fine sand and 
silt are of no value — in fact, they are rather detrimental. ^The 
material known to geologists as a clayey or loamy sand most 
nearly approaches what is required. In addition to refractoriness 
and suitable mechanical composition and shai>e of grain, mouMing- 
sands should possess tlie power of taking u^ water to the extent 
of at least 4 to 5 per cent, of their own weight (some take 
^p as mucli as 10 or 11 percent.), making wli^n moist a strong 
' “bind.” For most ])urposes they should not become “dpad” 
or dehydrated quickly or entiiely after casting. ^ quantity 
of fresh sand has always to he added to kee]) them “ alive.” 
Certain other less impoftant conditions must also be satisfied. 
Reference tcbthe grading of moulding-synds is made again later 
(see page 2^ and Fip. 6 & 7). 

The impor|aiice of obtaining suitahld sands for the iimking of 
glass, and the conditions which sueli siinds must satisfy, are con- 
sidered in Chapter V. Wheipas the chbmical composition of* a 
sand for many of the purposes ^litherto mentioned is not tHe most 
im^rtant factor, it risesdn the case of glass-making to a position 
of prime consequence ; the*meclianical composition is also of grejl 
impoi'tanct, and other features, though far from negligible, sink 
into I mifc position. Thus glass-sands are by no mpans most 
inj^reating tyjtbs to a geologist, ^;he criteria being simple and for 
the most pari; ea|y of investigation. ® «> 

For obvious reasbns,^the following descriptions aftd analyses of 
l^itish sands suitable for ^lass-makhig will also be of use to 
those who ui^ently require such sands high in silica -content ^and 
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therefore highly refractory) in other industries, tor example, ip the 

• inanu&jcture of silica-bricks, for dry-sand steel-moulding, fettling* 
futtkce^, ^oaking-pits, crucible-makftg, e^. 

In the faking ‘of waite bricks, pure sands lotv m •iron-coinenii 
' frequently have to be tmnspprted con^erable distances, when 
lociu, Sands bearing iron-ll>m pounds “burn up red.” • The sands 
and fuel (of which only a ^mall supply is required) are in this 
casdfcamed to the clay, b^jt in the glass-industry, sa>|>ds and other 
ichenAcals necessary fqr tht manufacture are generally carried to the 
fu^, as •is ofte]j*the case witli*raw materials in*oth#i’ industries. 

* it is unnecessary to .say more* upon o^er uses of sands to 
jhstify the claifn that the sand-resources of ^Wle country should be 
exhaustively investigateck In conclusion, it may be* pointed out 
Hhat just as “ flint-glass ” is not now made from flint but from 
*sand alone, so “ sand-pa|)er ” i?: of^en not \iiiade from sand»*bn^ 
from nn*vderpfl o^l^s. 
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CHAPTEK fl. 

§ The Nature of ^akds. 

Formation ^ Sajids* asld * similarV ^lepositB r are the 

result of the ^adual breaking down of rocks. ^ The sun’s fteat^ 
frost, rain, and ^raiF^v are ainoftg the geologic^ ^agencies whii^h 
are chiefly engaged in this work of dii^ntegration and attrition. 
Fragments of rock, in tlieir continual movement to lower levels? 
I^re* ^educed in size^)y wear* and, tear, and broken' up intft their 
constituent mineial grains. Chepiical, as well aff'mechanical, action 
assists ifi ,this work. The more Easily decom^)osabje mimyals rot 
aw^y, and the moi^ obstinate are lo?)sened from one^another. In 
•the decay of minemls the* more soluble salts are carried off in 
solution, while the less Soluble yibld fine clayey or Inicaceous 
^material which may be earned in suspension for long distances^ 

The disintegration of rocks thus results in the production ofr 
simple individual mineral grains varying considerably i« size. 
This material is carried downwards towards the sea, and collectedV 
at lower levels. In transit it is winnowed by wind and washed by 
water. Most sands and related sediments are either deposited in 
water or have been washed down and assorted by water at some 
time in their history. The sorting is controlled by the size and 
weight of the grains, coarser grains andr denser minerals being 
dropped down near to the source of supply. This soiling is never 
e perfect, and it is not usual to find in geologL'cal st];ata a deposit 
made up entirely of material of one size. Nor even do we find, 
with very rare exceptions, that one grade — sand, sill, or clay — 
makes up the whole of a single bed. The manner of transport 
^d deposition leads in any one deposit to a mixture of grades 
which may^tie valuable or inimical from r commercial standpoint. 

A tendency generally exists for the collection in basins of 
deposit of material which has been brought from many different 
sources. Working against this tendency towaixls the production of 
rocks of mixed grades we huve the selective transport ajid d^o- 
si^on due to currents of air and water. Heavier and larger fragments 
“are dropped first, finer* ones are carried farther, and the fi^st 
frequently travel long dStances before the velocity of the stream 
is so fa^^ reduced that they come to rest. A fairly complete 
natural 'grouping therefore takes place, gravel, saAd, siltpand mud 
being found at successively greater distences from their place of 
<)rigin. But thi^J, grading by water ''or air is t.iot a perfect one; 
the manner of transport varies accordingly as the® small particles 

, § Sections marked thuldeal with sands and rocks which are |^8o of valne 

for refractory purposes, c 
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are held in susjjension, rolled along the bottom, or carried* forward 

• by leaps (saltation), and the final deposition dejicnds, upoi loo^l 

v^i#?tiojff of direction and velocity oft the currents, eddit^, etc*., and 
upon the Pi^cipitarting^c^er of dissolved lalts? * % . * # 

« Sudden arrest of matwial i^ear to itst source, es})e^ially where 
hfis* been brought dowl by torrent-action, i*csu]ts»in deposits 
consisting of about equal pi’opoi*tions of coarse and tine grades ; 
' thejmay be termed “ non-^iuded ” (see fig N and ])agje 82) Such 
► ^a case is exeftiplified bv mayy of the Crebfeeous and Tertiary dejKisits 
around ‘the TlaWnoor an<li€(ffnish granite^nassi^s. Torrential 
^tf^ams of wafe^i poured down flie Slopes and ravines in ]mst ages. 
it)lling pebbles^alid boulders of glanite and mitestone, fully charged 
witb*grciins of quai’V., ii^ds])ar, tourmaline, etc., and* milky-white 
•with cliina-clay from the decomposed felspar of the granite. The 
•sudden cheelvtng of their velocity wbfn they r^jg^iclied the still \^te^s 
of the Ij^kes, the TiTtger sluggish iivers, or the lower ground, caused 
the bulk of t^e traiisported material to be thro\yi dowa^iiggledy- 
})iggl(^ly, alb grades mixed, frequently ^s an afluvial fan. 

On thf other hand, the continual sorting of sediments along the 
shore by *the action of waves and winds hSs resultcHl in tin* eliminatioy 
frofii shore- and dune-sands of both very coarse and fine material 

• The cl^y and silt ))articles are carried far away by wind»and water, 
and flic coarse sand and gravel left alone; thus t’lie ]»ercentagc 

• of medium-sized sand rises very high, and the de])osit is almosi 
])erf(M?tly graded. 

Coqipoiiitiou of Sands. — Usually each grain of sand is an indi- 
vidual 'mineral fragment contributed by the ))arent rocks whicl 
have undergone denud.Ttion. While sands are frequently made u] 
of a large \'ariety of different minerals, (juartz and. to a less extent, 
felspar usually cotistitute more than nine-tenths of their bulk 
The chemical composition of the constituent minemls, their ])rone- 
ness to decay, and the compounds r«Hulting from their partia 
or conqilete decom|X)sition, are all imjiortant factors when the 
commercial u.se of the sand is under eoiisideration. •- 

While the grading of s%nds and the sorting of minefals according 
to density are never jjerfect, a strong tendency exists towardt 
simplification, which is helped by the proneness to lllecay of the 
legs stable minerals. By. repeated geological action, sorting agair 
and again, very pure and well-graaed sands come b) be fonned 
and it is noteworthy that all the best glass-sands occur in the kte| 
g^logical formations. On the other h^n^, the ancient Ordoviciai 
anff Silurian ‘'sand{f” are utaially ill-sOrted and very variable ir 
composition. ^ 

As a Me, s&nds contain only a small proportion of the millerali 
known as the heavy mineij^ls, which jx)ssess a density gi:ea# 0 ] 
than 2*8. Thgsef like quartz, have prof^ thenf^lves sufficiently 
stable to withstand decomppsition, aijd th5ir presence is often a 
asefql ii^ication of the source of the sandy material. Most oi 
the 5>mmon rock-fonning minerals occur im sediments in more oj 
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less telartive abundance. In ordinary sands the proportion of 
..heavy^inerals varies from 0132 per cent., or even less, to 4pr 5 per. 
cent. 'by w^dglit (the latter qwantity in .sands of tine or liup(^ne 
’ ^^e only*).. 

The mintj'rals eoin])osi#g sands iijay lierdivided intol;wo groups :• 
the allotlii^enous or detrital minerals,! derived from older* i-bl-ks, 
and the anthigenoiis minerals, whicV were formeiT at the time 
the sands w^*re de])osited^)r at somi^ later date. We are mainly 
concerned with the allotlfigenous mine^ils. Some of the heaw^ 
detrital minei'ai^ art^xed eheiuieate»iJ^i pounds, otfibrs ai’e molecular 
mixtures which vary somewhat^n flieir eom]K)siti(yirthe colour 
optical ])ro]>ci'ties oiifenging synl^)alhetically wiflf'- the chemicfil 
constitution.* In tl)c latter groujj are tla; ])y;’oxenes (augite, ‘'etc. ), 
amphiboles (hornblende, etc.), olivines, cjiidotes, etc. ^ • 

The chief lu*avy m^ierals (x^mri’ing in sands aiv tlu* follownig:— - 

Oxides^ Anataso, brookite, rutile (fiO,). 

Catsiterit^ (SjfiOJ , corundum (Al^,) , hemS,tite (Itf’e.O ,) , *limonite 
(2Fe^O| . 3HyO) ; inagrydite (Fe,0|), sinnel (oxides^of Fe,*0r, Mg, 
Al, etc.); titanoferrite or ilmcnite (FeTiO,). wolfram (Fd^n)WO,. 

C, * a, ‘ 

Silicates Andalm-ite (hilicate of Al) , augit(' (metaHilicate of Alp Fe, 
Mg, Ca. Na, otc.) ; biotite (silicate of Al, H. K, Fe, Mg) , enstatito 
(M^fSi^i) , epidoto (hydrated silicate of Ca, Al, Fe), garnet# (silicate 
of Mg, Ca. Mn, and Fe, Cr, Al) . glauconite (silicate of K, i?l, Fe) , 
hornblende (metasilicate of Al, Fe, Mg, Ca, Na, etc.) ; hypersthene 
(MgFe)SiO,, kyanite (silicate of Al) , muscovite (silicate of H, K, 

, Al) , olivine (nrthosilicate of Mg, Fe) , sillimanite (silicate (‘f Al) ; 

sphene (CaTiSiO,) , staurolite (silicate of Fe, Mg, Al) ; topaz (fluo- 
silicate of Al) , tourmaline (boro- silicate of Al), zirconi(ZrSit)i)‘ 

Other compounds - -Apatite (calcium phosphate with calcium fluoride or 
chloride) , calcite (CaCOp ; monazite (phosphate of Ce, La, etc.) ; 
pyrite (FeSJ . pyrrhotite (approximately FeS). 

« 

Where older sediments have been broken down to, make new 
rocks, only the most obstinate detrital minerals, such as iron ore» 
(including particulai-ly jlmenite), rutile, zircon, tourmaline and 
ciphers, survive, and the jiroportion by weight is low. When 
crystalline rdt*ks of igneous and metamorphic origin are subjected 
to denudation, they yield a rich and hjghly varied assemblage of 
minemls. ]*t is noteworthy that most of the heavy minerals * 
occurring in sediments are ol' metamorphic origin ; as examples- 
may be quoted, sjiinels, garnVts, rutile, tourmaline, stg uroli^ie, 
andftlusite, sillimanite, sphene, epidote, muscovite, biotite, chlorite, 
kyanite, and amphiboles ^including common hornblende, glaui^- 
])hane, actinolite, etc.). Igneous , rocks appear to provide un 
assemblagie of minerals more liable to decomposition. However, 
thosfe derived from an area of pneumatolysis are fairly st&'ble, and 
include garnets, cassiterite, tdm’maline, topaz, andalusite, etc. 
Minerals derived efrom other igneous rocks incMq zircon, rutile, 
anatase, apatite, brooWte, white and dark micas, hornblende, and, 
less commonly, augite, ,l^gether with a few. others. ^ 

The mineral constitution of a sediment varies not onlf with the 
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})arent rocks laid iindef contribution, but with* its distaiK-e from 
the source of origin, the grade, and the conditions of deposition*,., 
Unl|;fis r«»cal concentration is prodiic^l by wind- or sti'^ini-aetipn, 
or* by the^^scillatcny efet of cuiTent''. tl9(^ "I’y wej^hf 

^>f the heav}\*rop will tenet to decreasM tlie^arther we go atield. and ' 
the itirietA’ will he reduced a| minerals prone to deeav are^diminated. 
The exact connexion betweep miner,* 1 composition and grade is 
not veT thoroughly uiiderstotxl ; it is flndonhtedly p ’close oru'. 
During the •jirocess *)f dej^osition, otherMuinerals maybe formed 
^lirougli , organic* i^geiflT, an}|^i^tliem being ^laiiyonite, calcium 
phtt^phate, limotiite. secondary sWiea^ete. 

.Finally, we |i*\e those minemls (authig/li^ais) which develop 
siihs(‘( 4 uently in sedimentary dejxisitN as a result of i^lteration of 
4 ^th 4 !r minemls ; a few such are iron oxides, seeondar\ silica, 
l*‘ucoxrnc, aiufatase, chlorite, etc. ^ » $ 

If the hea\y ir.-incrals arc ]>r<^(‘nt in tpia?tity in a sand Ihcr 
adcct its chemical cipistitution vt*^’y coii>idcmhly. Alunywa might 
he expeeted lo he ahundanFin a heaw residue, and it is ml^te- 
worthy'tkat lime is usually low, the Hmc-heariug minerals, with 
the exeejftion of some lionihltmde, jiyr^.ome, ejiidote, ete., tending 
to d<feom])ose. lii sands s\d)jeet.ed repeatedly to the action of 
•geological agencies, the latter group of silicates first d^isa]>])ears, 
then ti]?e ferro-magnesian minerals, and, tinally, tl?e aluminous 
•silicates, wlieii certain iron ores, zircon, rutile, and tourmaline only 
survive. 

Coatliif/ of Sail (I -ff rams — On the principle that, ehemieall_\ , 
dirt is'onlv^ ‘'matter in the wrong place,” the detrital minerals 
of a sand may be regi^’(le<l as impurities when we desire to find 
a sand jmre enough fora jiartieular purjiose such as glass-making. 
iMore imiKiidant, lio^'ever, are the imjiurities resulting from decom- , 
])osition of Ihese minerals and tliose introduced either during 
* deposition (l¥ the bed or subsequently by the action of jiercolating 
water. An example of such an impurity is the iron staining m 
tints of red, bi'own, and yellow, so widtdy met with in rocks. 
Oxide of iron (as hematite, Fe,^0,. or Umomte, 2F%^0,.8H.pJ, 

“ Nature’s colour-box,” acts as a coating to the mineral grains 
pnd at times cements them together into a eom])act rpek. Other 
minerals, such as silica itself, clay, iluorspar, barytes, calcite, 
dolomite, phosphates, etc!, also pla^ a cementing role. Certain 
unconsol!dated sands, vvhile ap])areiytly fairly ])ure and clean, have 
a fine dust-like coating of clay or calcareous material deposited • 
upfti the grains, 

Ansociq/ion ,icith Organic niaierial. — Sometimes ’’aorg^nic 
material such as plant-remains has athe effect, either by acting a§ 
a reducing agent by the pitwiuctioii of humic a(^s, of clearing 
a sandy deposiff of impurities or of renderiiig them more easily 
soluble in percolating w'ater.* Some df the purest quartz-sands 
known* to «8, remarkable on account of theftreedom or the grains 
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fronj the slightest ferruginous coating, are associated with carbon- 
*^;eoui ma^rial (see Chapfer .VI.). The famous glass-^sands of 
.Foht&inehjeau^in P^nc^;, Lipf>e in Saxony, Hohenbocka iif.Prftsja, 
.and Ayleshui^' iiv Engk.nd, are apposite oexampfes. purity of 
Coal-Measure Saiidstontifc is interesting ^n this connexion, and theo 
bleaching, the deptli of a few feet, Irf the yello\y and '’red %h\ds 
on our heath-lands is a w^l-known j^enoiiienon. This question is 
considered iv*' more detail on page 14(). 

Form of Stuuh^rnui^. — l)urih^*l1ieir progiie^s from ‘dih'e dis- 
integrated ])arent-rock to thei^- Hnal resting-placv^‘ mineral gfttln^^' 
suffer continual alSrasion If *the habit is n?i5.11e-like. or the 
cleavage go('.d, there is a general tendeix^y h.)r ra])id fragmentation 
and disappearance Brittleness and softness help the speedy reduc'^ 
,taoijbin size of gi'ain^ but when a ftoft mineiul, such As mica,' has ii 
•single perfect cleavage, it may bo,buoyed u]) ailTi’travel a long way. 

'yhe A)ntinua];. battering to wnich^ grains cairiec^ by Avater are 
subjected results in the Av^aring down of the sharp edg^s and 
angles, and the sands become subangular, Brolongfed rolling 

cjaction produced by cuiTciits uj) and down a shoi'e-line, of repeated 
action on the same' grains through successive geological cycles, fiiay 
gradually ^oiipd even quartz sand. Pot-hole AS’ater-action ip a con-*^ 
lined space (c. y. under glacier-ice ) ))roduces sometimes a beaitt. fully 
rounded sand. Much more rajhdly, however, are sands rounded? 
by the action of Avind, Avhen fhe grains are continually laibbed 
against one another, or meet other obstacles, Avith no water ]>resent 
to act as a cusliion or a lufu'icant to reduce friction. Many 
desert-sands consist of grains Avhich have been rounded in this way, 
but just as the want of rounding do(‘s nht imjily the absence of 
desert-conditions, so also its presence may not necessarily be due 
to wdnd-action. Sand-dunes, so common around theeshores of the 
British Isles, consist of shore-sands Avhich have been b^tpvn iqi into 
mounds by Avind-action, but that action has usually not been 
sufficiently prolonged topchange the angular or subangular shape of 
tile grains. ^ 

Size of Grains.- Tlu' soiding eff'qpt of Avater and air u|x)n 
sediments hks been briefly referred to early in this chapter. It is^ 
necessary to consider systematically thq sizes of the gmins con- 
stituting sediments and theil' relative proportions by Aveiglit. ^’At 
^ the outset it should be repeated that the term “ sand ” has different 
significations to the layman and to the geologist. In the al^ve 
remarks sand ” has been used in its wider commercial sense, and 
therefor^ includes related loose deix)sits bearing some amount of 
clayf and oth^ material in their composition. In ‘'its sti^ter geo- 
logical use sand is a gradte ” term, that is, one depending 
only upon thb «ize of ^the constituent graini^. ^Although most 
sands happen to be itlade largely of one mineml — quartz, — the 
real criterion upon wh^h the geologist bases his definition^ is tSie 
high pe^rcentage of grains with average diameter betvi^n 1 mm. 
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a#d 0'l*mm. (about 0'P4 and 0*004 of an in(?b). Very coarse* 
i^nds may have gi'ains up to 2 mm. diameter, and very fine ones 
down to. 0*05 mm., but these ar^ eltreme limits, pebbles’ of- 
diaoffeter-'over 2 mm. ^all into the ^rade^ known ^ologically -as 
“graver’ ^n^t the'commesvial tei*m of the ibuiidiii^ra^s, which* 
Connojbes a coarse concrete- making bouldpjy deposit with a good 
deal "of ' sand ai^d fine clayt?\^ “biml”). Particdes of diatnetar less 
than (V05 mm. constitute “<5ilts.” A :^urtlier limit exists, and 
deposits made up of minerjjil h’agments the diameter')pf Avhich is 
^kss tlAn 0*0t mm. /0‘p(X)4» in.) are true “clays” or “muds.” 

^ A^usefhl clas>jjfic*ation of tlf?%i^^-liniits or gi-^des ss therefore : — 

G>. Greater tliaii S?* mm. (hiiia. ^ ((i). 


VCS. 

o.. „ 1 

mm. 

and loss than 2 

mm 

W'l'v ooarso sand. 



3 „ ., OT) 

mm. 

,. .. M „ 1 

mm 

(’(tarse hand. 

Sand- 

MS. 

' „ 3 0-20 

mm 

„ ,, ,.006 

n.m. 

.Mcdunu sandf 

FS. 

„ M 0-1 ' 

min. 


mm 

)»'in(‘ sand 

(S). 

( 

s. - 

r .. “ „ 0-0 ■) 

mm. 

1 „ 0 1 

mm. 

Suportine Kund^n 
-> coArse sdtf ^ 

1 Silt 

>g\u\ 

( 

L ,, 0-01 

mm. 

,. , „ .. OOJo 

mm. 

Hilt. 

J 0). 

V 

Lt's.s tiian O’Ol mm. 

,, 


Clay or mud giade 

(fi). 


^ Tlie letters G, S, s, c, etc., denoting tlie various grades are for 
use in ,this Memoir only as a means of shortening tl^e expression 
oof the mechanical analyses quoted in later cha])ters. Thus, a 
sand from the Ked Crag at Foxhall, Suffolk, consisting of 11*8 per 
cent. %y weight of very coarse sand-grade (>1 mm. & <2 mm. 
diam.), 44*1 per cent, of coarse .sand-grade (>0*5& <lmra.), 
41*5 per cSnt. of medium sand-grade (>0 25 A <0’5), 2*2 per 
' cent, of tine sand-gra^g (>0*1& <0*25), 0*2 per cent, of* silt- 
grade ( > 0*01 A < 0 1), and 0*2 per cent, of clay-grade ( < 0*01 ) 
Would be represented thus : — 

^ VCS CS MS FS 8 c ^ 

U'8’ 44-1’ 41-5’ 2 ’ 2 ^ OV 0-2' y9-6’ 

where S represents the total sand-grade ( >0*1 mm. diameter). 
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VHAPTKR Jll. 

^ Metjiods oj' S'j unn' ok Sanj)s. 

For tlio *j>i*ojR‘r kiiovvkvl^o of sodiiiifnts, oonsidoriii^ Ixttk their 
^etjlogical interest, and eeononii^i ,V'*([i(lue, it is\,de'^n-ablt‘rthat we 
should he aequainted withtUitf elieinieal, iiyKeralo^deal, 'i.nd 
nieehanleal eoiiijiosjtih'ns of eaeli* saiiijde. In tln^Sieadin^’ of Uie 
riddle of the sands,’’ eaeh of these three analyses yields inteif:*stiiu; 
and valuable data, and for ^•lass-sands in partTeular the e]ieinieal,and 
niqehanieal analyses are nio.st' inij^ortant. Although desirable, it 
ftl iiot so essential C»r eoininereiid pui-|)oses that' we should also be 
aequainV'd with the mineral eomjloMtion , thejcnowledge is^ never- 
tht^less, ()V' eonslde^/.ible \alue in s})(?eial eases and' may give an 
indication of the jiarlieulai* tre.itnu'nt napiired and of tli^i pi'eseiiee 
of minerals detrimental to<'die industry, oi- niay enable tlte us('r to 
^ensure that sueeessive eonsigninents of sand eome from the ^iime 
quarry or bed. 

C/l ('III iC (( / ^ilKt I jf Kim, 

Sinee quartz and ftdsjiar usually make up the bulk of a ^^sand, 
and aluminous silicates that of a elay, the siliea-jiereiMitage gener- 
ally runs fairly high, reaching in very jmre sands and sandstones 
98 or per cent, (kmqilete analvsesare V(*ry desirable, bspeei- 
ally of moulding “sands,” but where mly fairly ])urt‘ sands 
are investigated, as in connexion with glass-making, it is often 
sutlieient to (‘stimate silica, iron oxide (.is F^../) J, ^iluiiiina, and 
water. Other elements will rarely lie ])resent in quantities larger 
than “a trace.” If they should be, however, it is highly desirable 
that even small jiereentages should he recorded. Their effect in 
the actual making of The glass is not known, but numerous 
pfobleras an^l difficulties have arisen in t,he processes and have not 
jet been explained. Small ijuantities of foreign substances may 
play a greatej; part than has hitherto been suspectt^ in determining * 
the chai’acter of satisfactory or unsatisfactory glass. 

The chemical composition ^'aries according to the amount a\id 
character of the cementing nu\terial upon tlie individual grains, 
«buf more according to the variety and relative abundance of 
detrital minerals present! As previously remarked, the heaJ^y 
detrital nlinerals are mostly oxides and silicates, but borates, 
fluoiqdes,* phosphates, chlorides, etc., also occur. The to4al silica 
estimated in ^ sand is therefore jnade up of free silica, that of the 
quai*tz-grains tlY^mselves, Jogether witii the combined silica of the 
other minerals. If \t is not desired to carry dut a complete 
chemical analysis involvinj^ fusion w^th alkaline carbonates, the 
iron-content of the sanS^may be estimated for glass-purp©ses after 
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di^sting the sand with hydrotluoric and siiliyliurie acids in a 
platinum basin, as meationed bnlow. , 

■ In carrying out chemical analyses of glas.s-sands thefoUSuIng ' 
])reeaution^sh()u!d he oi^erved. Silicji shoi^d h;* estj,mai^'jd in the 
usual way, VA'ing se])arated by three evaporatious Vitli hydVo- 
dSd()ri(^ acid with intervtili^ng 'liltrations? The ])urity of the 
weigfied’ siliea must in all ’ cases he cheeked by eva)K)rafion witl> 
])ure jjiydrofluoric acid and a (r^;o]) of suljdiuric acid , if this pre- 
caution he omitted the results (d)tained will in\arial)l\'^>he slightly 
Icgher tlian the t^;uu vatue. ^ 

^Ir^n is"" best (JetPrmined by a {‘olo^Miiietric method in a se]>arate 
sample after soli:^^on in bydrotluo^ric and sulpjmric acids As in 
some cases iron-lhearing minerals which are *()nl\ incomjiletely 
attacked by these acids'a,r6 ])r(‘s(‘nt, any insoluble residiub (‘specially 
if dark coloured, should be tiltered off, ignited, and fused witb^ a 
little sodium carbopate or ])otassium pyrosiilj^jate. The nndt is' 
dihsolved'in dilute sulphuric acith and added to the main portion. 

A blanlv* test \', ith the reageets aloiu* .should aJ.w7:'\s Ix'^’niadi' -to 
ascertahi wtiefiier thesi' are free from tryces of iron. 

Titaiiiupi may be conveniently (‘stima^yd (‘oloriimdrieally in the 
])ortipn u.sed for the determination of the iron. Care must, liov\- • 
ever, die taken to ensure the eonijilete ex])ulsion of the hydrofluoric 
*acid, a^rven small amounts of this render the colorimetrfc estima- 
tion inaceuiate. 

• No constitiu'nts .should be estimated by differenee, and the 
ordina^*y commercial eliemieal analyses of sands (which usually 
give a total of exactly lOO jier cent ) are of littb* value tor gla.ss- 
making-or if;fraetory purjio.scs. 

W neral Ai/aJi/s/s. 

Apart from th(‘ determination of the actual species jiresent, 
tlie mineral *Rnaly.sis is u.seful as giving an indication of the 

• relative aniiamt of heavy detrital ^minerals and the ijuantity of 
such lighter minerals as quartz and fel.sjiar The earliest method 
in use for the purpose of conducting a mineral analysis was that 
of panning,’’ so well known to the miner. Gentle agitation of 
the sand beneath water, combined with a slight rotary '1 no vement 
with a jerking “throw,” hits the effect of causing the heavier 
minerals to segregate at the bottom. The lighter Constituents 
alx)^, making the bulk of the sand, lire washed off carefully in 
a gentle •water-current. Separation of minerals such as quartz 
from gold or cassiterite (tin ore), eacli of w'lgch differs con siderabfy 
fro«a it in density, proves very success!^, but for geological in- 
vestigation, w'here it is desireeb to separate minerals of density a 
little below and, a little above 2*8, the method by itself is ^ot 
suitable. *To reduce the bulk of the sediment, and® to increase 
the relative proportj)n of heayy constituents in order to obtain a’ 
larger quantity ^or qualitative examinatlbn, panfii^g is adopted. 
If ^carried too far, some of the less depee of the heavy minerals 
may be wa|hed away with the lighter. 
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Before being analysed mineralogically^ a sediment is sifted f?ee 
fr£|m larger compound grains, and, if necessary, washed clean from 
clay^ matter. The dried* sand or silt is then treated with heavy 
. liqilids ob^in ^he ^alFcrop of minei^ls the densi^ of ^ich 
iscgreater .tliane2-8. oThe proportion of 'these is u^ally so small 
that examination of tfie untreated s<fiid only reveals ocCjasionS-l 
grains. The densities of quartz and 'felspar, whith make up the 
bulk of .sands, vary fropi 2-54 to ^*70, while those of the more 
interesting^ detrital minerals mentioped vary from 2-9 to 4 or 
more. Quartz, felspars, and certain other lig^t niinemls thereforte' 
float in a liquid bf density* 2‘8^j^ ^ftile the h6avy minerals ^ sink. 
The apparatus required foi* feiinei’al analysis is^'^ry simple. ^ ^n 
ordinary funnel (dApping funnels have been uiSd^ but the open 
conical form is jierhaps prefei-able) fitted with a ground- gl^ss tap 
or rubber- tubing and ])ineb-clip is all that is required (Figs. 1 a,"l h'). 



Fumiels for separating heavy minerals from sands. 


The most suitable heavy li^^uids in use are bro moform p (density 
about 2-84) and Thoulet’s (Sonstadt’s) solution’^nTercury potassium 
iodide in aqueous solution, density from 2'8 to 3T, according to- 
concenti’sition). The heavy liquidds poured into the funnel ‘and 
the sediment added, the whole being well stirred at intervals to 
perfiait %i tjie easier settling of the, heavy grams. When the 
separation is complete (in praiftice it is probably never perfectly 
so), the light ^grains form a belt at'^he top oPthe liquid, there is 
usually an intervening cjear portion, and a sediment of heavy 
grains occurs below. (,The latter portion of the sand is Japped off, 
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iiltered trom heavy liqui3, and washed with benzene if bromofonh ha 
.been empbyed, or distilled water if usft has been mad'e of Tkoulet’ 
sojttion.* The light crop is similaiiy dealt with, the washings ii 
each case "b^ing saVed\n^ concentrated ij^r dver ?f#v^ter-batii 6 
•by distillation. Heavy liquids |Lre thus \»ed many timgs over. 

If*nt3dhssary, the heavy “crrop may be further separatti^l for diag 
nostic .purposes by magnetic, •electromagnetic, electrostatic, rolling 
andt)ther methods, and by treatment wifli heavier liauicls, such a 
^nethylene iddide (density *. * 

After*some pAatice, man^•^ flie tiny heav 3 ’*mingral gmins maj 
f)e*fecognized examination \tith*a high-})ower hand-lens ( x 
08*20 diameter^. For permaneTit use unde^ ihe microscope the^ 
are mounted in the ysu^iil manner in Canada balsam (refmctivi 
•index about 1'58), and examined in transmitted and reflected light 
^""or rapid temporai*y examination it*is useful to immerse some 
the residue in sudti a medium a» clove oil (refractive index atoul 
1*53), Jmt th^n th^ mount js ifot permanent. Jlie nywerals an 
identifeed by# their shape, crystalline form, cleavage, fractui'e.*en 
closures, %lteration, and such optical properties as colour, I’efractin 
index, pTeochroism, birefringence, extinction-angle, intei’ferenct 
figdte (directions-image), twinning, etc. For these minera! 
characters reference must be made to any good book on royjt -forming 
mineAls. The size of the different mineral grains is^ measured bj 
' means of e^^epiece and stage micrometers. 

The heavy detrital minerals usually stand out in relief (owing 
to their higher refractiye indices) when examined in balsam o] 
clove oil ^ee Plate II. figs. 2, 3, and 4). It is also useful tc 
examine some of the lighter croj) in the same way. Since quarti 
and felspar haye refracflye indices very near to that of the medium 
(clove oil or C'anada balsam), the grains if fresh and clean liave 
very faint borders tn ordinary light (see Plate II. fig. 1). A verj 
slight feiTjjginous coating on the grains is then easily detected, 
Grains of a highly pure glass-sand immersed in clove oil almosf 
disappear. Felspar is usually turbid with altemtion products con- 
sisting of micaceous material or claj^ (kaoflnization). 

In certain exceptional •cases, where the grading hft^ been weTu 
carried out by natural agtyicies and a good proportion of heavy 
•minerals is present, ordinary sifting will separate, to « remarkable 
decree, the coarser light .minerals apd the finer heavy ones which 
requirecl the same strength of wind-»or water-current to transport 
them. As ah example may be qmoted the dune-sand from ^1- 
g^nie Links, near Aberdeen. A median ical analysis of this 
deposit yields : Coarse sand ^*0 per ceift., medium 8an4 91*2 per 
cent,, fine sand 3*3 per cent., superfine 'sand or silt 2*9iper cent., 
dust, etc.f 0*6 ^*er cent.; total sand-grade (>0*1 nun. dkmtter) 
96*5 per cent.* The portion of diameter greater than 0*25 mm. 

♦ T. Crook, “ Uhe Systematic Exami^iation d!f Loose Betrital Sediments,” 
4^pendix to Hatch & Eastall, ‘^edimentar} Hocks,’ London, 1913. Wein- 
(translated by Clark), ** Petrographic hlj^hods,” New York, 1912, 
and other 
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(medium and coarse sand) consists of quartz and felspar, while 
;^at’'ofe diameter 0*25 to (^1 mm. (fine sand) consists _ almost . 
entirely of ^eavy detidtal miiwiml grains, cpidote, augite,'gain^is, 
•tb'urpialin^, ai\d zircfin l?^ng conspicuous.^ “ 

In very pure sands oro sandstones, the heavy crop inay be less 
than O' 01 per cent, in weight, but it smnetimes increase* to *4 or 
5 per cent., as, for example, in some- samples of Bagshot ^ands. 
Inferior OdliV? Sands, ana others. Fsually it is found that^’the 
coarser the sand becomes ^he smaller is the heavy cfop yielded ; 
silts and fine sa^ds often carry .the^livgbest propoisbi'bn . Estimation 
of the heavy crop of true clays is Very difficult tq Inake, as it'Ka^ 
not been possible to Iffitain a goctl separation in a*''i,eavy liquid of 
the very fine, material wdiich takes a long time to settle. 

Complete mineral analysis may, as a rule, l[)e carried out within 
ap hour, that time serving {C?so f^u* the identification of all the' 
important detrital niinerais. Mircral analysis is much mpre lapid 
than chetrycal analysis, and yields general information as to the 
cheihical compound^ present and their relative abundance, A^heck 
upon the chemical analysis ^and a knowledge of what elements to 
look for are thus obtained. Chemical, mineral, and mt;chanical 
analyses may all be in operation at the same time. ' 

Mechanical Anal tf sis. ' 

A mechanical analysis of a sediment seeks to record the various 
sizes of the constituent grains, and the relative ])roportion by weight 
of grains between certain limits of .size. The.se size-limits are 
known as “ grades,” and a useful classification has been giyen in 
Chapter II. on page 13. 

The general importance of mechanical analyses in industry is 
only being realized very slowly. Agriculturi.sts have long recognized 
< the value of mechanical soil-anah'sis ; indeed, the methods of work 
were first introduced in this connexion. Mining-engineei’s subject 
their battery-pulps to such analysis in order to determine the effi- 
ciency of their machinery, and they use various forms of apparatus 
deigned to separate pulps into grades Water-engineers have 
recognized ilie importance of the knowledge of relative proportions 
of certain sizes in coarser sands andc gravels in. the matter of 
water-filtratibn, and the distribution and movement of underground ' 
waters t- The significance of the method has been realized^to 
some extent in potterj-work. Not yet, however, have glaso-manu- 
faodm’ers, metal-founders^, brick-makers, and others fully appreciated 
the value and importance to themselves of a knowledge of tfce 
mechanical constitution (k the clay a, silts, loams, and sands which 
form their mw materials. Frequently there has been some realiza- 
tion *bf the value of the investigation, but crude methods hf sifting 

H. Stadler, “Grading Analyses by Ekitriation,” ^rans. Inst. Mining A 
Metall. xiii. (I9lf-I913) pag^ 686. c 

t C. S, Slicbter, “ Motions oj Underground Waters.” Water-Supply 
Irrigation Papers, U.S. G^ppl. Survey, No. 67 (1902) ; King, U.S. G. S; 19th 
Annual Eeport, 1897-8, cage 67. ^ 
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a,i*e often deemed sutJ^ient. That the old tirder of things is 
changing is evidenced by the fact tl^t elutriation -appamtus* has 
lR^i.set*up in a few works as well-as in a few scientific «institutions‘ 
in’ this cbuntiy’. Spnie^nanagers of gkiss-'Mt)rksJiave^ec(fgnizeJ that;, 
the grade-i^ialysis of a'gjass-san’d is of ftiiich imj^ortance af the 
cheiMicaJ composition (pi-ovidefl, of course, that the la#fcer does not 
fall outside c(?i*tain limits). Otherwise no scientific iflvestigation 
as f» a suitable mechanical cuunpositioii Jias been made^ ex])erience 
being trusted to as a general rule. U«uiilly only silking through 
wire-screens ha* beeif ado/5teJ.br sand-merchants or manufacturers 
a lid foundei’s. 

(ap --Sitting or screening may be resorted to for 

coj^rse sands, but foi* fifte material the procedure is •objectionable 
both becausi; of liability to contanjination and want of accuracy. 
Moi'eovei', very ti^e grades can*not be sepaniked by sieves, a« Ifte 
aperturSs cannot be made sufiiciently small. Fi'oin a scientific 
standjioint flic sitting of ^^ediments througii wire-s(*reenf' ^ith 
sipiait §r rectangular me.sh does not* give accurate results, since 
grains oi' various diameters u^) to the length of the diagonal of the 
a])«i;iire pass through. Jt is the mean and not the major dii*- 
meter of the griins which dett'rmines what shall })ass the screen. 
Siftiig, therefore, does not guarantee sizing. Wj^ei^ sifting is 
adopted, round-holed sieves, with the holes punched out and set in 
(50^ triangular spacing, should be used. It is even then questionable 
wliether sifting much below 0*5 mm. (about 0 02 inch) is entirely 
satisfactory. Smaller holes than O'o mm. cannot be ])unched with- 
out difficdlty, and 0-25 mm. (0-01 inch about) sieves are therefore 
wire screens *. The letter mesh is the minimum limit of screening 
adopted by the writer. In these, screens and in the smaller “ 120 
to the inch,” sujjplied by makei*s, the apertures are square and 
tend to become clogged by use. Contamination thus occurs,* 
especiall}^if the metal of the S 4 ?reens be iron, which inevitably 
rusts in time. All sieves for scientific work should be made of 
copper or brass. • 

Before passing on to, a descrijdion of the forms^ of apparatus 
used in elutriation, a note is desirable upon the standardization of 
grade-measurements. As •in other scientific work, the use of the 
metric system units is preferable and simplifies alT calculations. 
The grade-sizes adoptecl in this IJemoir are therefore expressed 
in mdtimetres, and may be converted to English units if required 
(25*4 mm. = 1 inch). Screens are frequently made according tc 
Bpglish units, 30, 60, 90, etc., meshes i the inch. In the I.M.M. 
mesh screens (inch-units) the thickness of the wires ds equal to ^ 
the diaiijeter qf the aperture, hence, for example, a 120-i^e8h screen 
has apertures about 0*004 inch ig diameter (about 0*1 mm.). In 
ather screens (3(i 60, 90 mesh, etc.) thjs is not^the case, the wi!-es 

* • Perforated brass or coppe/ screens aA now supplied down to 0*1 nun. 
by Hd'essr^ J. & F. Pool, Ltd., Hayle, Cornwall •* 
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being of smaller diameter than the apertures. Accurate grading 
cannot then be carried out. ' 

A plea imist be made ^or imiformitv in the expression of.gmcb- 
Bizes,, prefch^bV in millvnetres. The brags, screens in iis& in this 
country for goil-analysis aLd other g^niding work, while often made 
according t(f metric units (frequently in Oermany) ai’C in liests of 
2 mm., 1 mm., O'o mm., and ()‘25 iiMii. diameter Holes, the last 
being scpiare wire-mesh, and tlie others jmnched round holes. In 
some of the literature on mechanical ayaly.MS of sands, the- last 
mesh-size or ehatriation-size is' taken ht ()'2 mm." diameter instead 
of 0*25 mm. It is then difhcuit to institute coiinvtrison between 
analyses. The size 0*25 mm. dianieter is ado])ted fiei-e. on account 
of the exigeiK'ies of the a])paratus used, 

(b) Ehiiriafion — For det“rmining smaller grades of .sand, 
scFeefiing should give'‘phiee to elutnation. The process of elutria- 
tion is a ckissiHcation of ])artich'.s“according to size by means of 
upward currents ftf 'va ter. The Hnal \elociti(‘s attaihed by small 
grains of a ])articular minerai of known size, when they'^aie -illowed 
to settle freely in water, haw.' Imvii deb'rmined both by caFulation 
aful experiment. The results ha\e ])rov(‘(l to be ivmaj’kaldy cmi- 
cordant and indicate that the conirolling faidor in the settling of 
small ])artihle>’ is surface-ai-ea, and not dcaisity. The free seeding 
of paidicles m a liquid is due to graxity, but the velocity attained 
is controlled by the viscosity of tlu* liquid. The settling of grains 
of diameter uj> to about 0*2 mm. thus conforms to a law xvhich has 
been termed* “the law of viscous resistance." The velocity xaries 
as the square of the diameter of the jiartiele The settling of 
grains above about 0 2 mm. dianieter is eond'olled by another law, 
that of “eddying resistance," where the velocity x'aries as the 
square-root of the diameter. Flutriation. however, is concerned 
' only wdth sejiaration of grains up to about 0*25 mm. diameter; 
above that size, sifting is usually ado])ted. In elutrlation the 
assumption is made, and has been found to be justifiable, that the 
final velocity of any graifi of known size is apjiroximately that of 
th^ upw^ard (current of water which will., just keep the grain in 
su.spension. ‘ The jmieess enables us to classify sediments into' 
grades, if desired, down to a limit of O'OOd mm. (about 0*0002 inch) 
diameter. 

The velocities of w^ater-currehts required for separating 'suitable 
grade -sizes are as follows 


0-4 mm. diametel. 

47 mm per second. 

0*3 „ „ 0 

32 „ 

0^25 „ 

'25 

0-2 „ 

20 „ 

0*1 „ 

6*7 

0*05 „ 

1*78 „ 

0*01 . 

"0*12 „ ^ „ 


(Temperature 15° C.) 

* Sir G. G. Stokes deduced the law on purely theoretical consMerations^ 
Eichardsj ‘ Texl-book of Q^-Dreesing,’ New York, 1909, p. 264, 
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♦The viscosity of water decreases rapidly withVise of temperature. 
The gmding of sands is controlled l)v*this viscosity, and coid Wal^u; 
^1 . thWef ore carry oif larger gra’in# than warm water*for auy. one 
iiead and* jet in elntriJ?tjon. C/Aiy must hl^tali^n alleys to eluy^iate* 
it approx flnately the sajne tepi])cniturt^ d'he dift’erence "in tem- 
jcKftsre of tap- water in summer and winter is sudic|^mt to’altei’ 
ip]jreeial)ly the results obtai^ied in grading a faii’ly coarse sand. 

'¥he two chief forms of Hutriator.s tised by the^ writer in the 
nvestigatimi of sediments*an‘ the Croot patti'rn and it moditieation 
ay Sta Jler of the^Scltoene The former »])pa]^itus *, designed 

bjr*Mr. CrO^k of the Jm])erfal histitute, is sim])ler to make and 
lA’ork and enaWes a meclianical •aiialx sis to^a^ made more rajhdly 
bhai^ the Scboene, man^^ grades being se])arated at^ once. The 
ipparatus will be best understood from tlu' skidches. The Crook 
dutriator cowsi.sts (Kig. 2, pag^‘ 22, C' J^late 1. tig. 1) essentiaUyof 
bwo cylinders, a hiwer narrow (ijie A and aff up})er broad one rl. 
In order to obtain ^ constant nfte of How' ujiw'ards for water in 
these^cylincyn's a small movable ivservoir C i^ used, with an fiver- 
how futinel and tube ]). The re.seiw^iir C can be movid a]) and 
ilown, iiftid a constant head atul pressure of water ma\ be obtained 
inithe appai'atus wHien these vary in the water-taps of the laborf- 
bory. The vessel H is fitted with a double-holed stoji^ier through 
whie4i* passes a straight tulie E acting as a manomeku*, and a bent 
tube F with a jet at tlu* end. The velocity of the ujiward current 
af \^ater in A and B is regulated by the size of the jet-opening, and 
bhe height of the water-level in C, wliich may be moved up and 
down ; th^ velocity is indicated by the height to which the w'ater rises 
in E? For sejiaration of the sediment into sand-, silt-, and clay- 
grades (I mm. to O'l* mm , 0‘1 mm. to O'Ol mm., and less than 
[)'01 mm. diameter) the internal an‘as of cross-section of the cylin- 
drical part^ of A»and B must be closely in the ratio of 1 to 50*^ 
Convenient sizes are found to be 1*-I cm. dianu'ter for A, and 
9'8 cm. diameter for B, in whfch case to obtain the required 
upw'ard velocities of the water, of nearly 7 mm. jier second in A, 
and OTo mm. per second in B, the jet*F is found to be about 
1 mm. diameter, and miHKt permit an outHow of neai^y 100 c.c. in 
90 seconds. The outflovv^is controlled and varied by movement 
of C, and w'hen the correct measure is found, the t^^ight of the 
water-column in E is mjirked and ^should be kejit constant. The 
tiflie A should be about 80 cm. lonf? with a slight constriction in 
the drawn-out bottom end (wliich may also be roughened^ to 
facilitate the grip of the rubber tube ufion it. The vessel B i* 
Aout 14 cm. long in the conical part and 12 cm. long in the 
cylindrical part. The lower jiortion of B and the tuljp A should 
be of tile same diameter and joined by rubber tubii^ of* th% same 
internal diameter fitted with a clip. Another clip is used to ijut 

* T. Crook, Afip^dix to Hatch & Ra8tall,*‘ Sedimeift^y Eocks,’ London, 
1913, p. 349. Apparatus made by Messrs. A,(^llenkamp & Co. Ltd., Finsbury 
^quar^i London, J. Moncrieff, Ltd., Per+^ Mnll^r Ormc & Co.. 148 Hisrh 
Holbom, f/ondon. 
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oif -A from 0. Other details will commend themselves to the 
'tiser of the apparatus. A weighed quantity of sediment (10 or* 
c 20 ^mmmas) ^'fted^o Ifnm./after being suitablj treated claf.is 
.preA^nt (boiled with water and deflfoeculated*hy the addition of pyro- 
gallol or such an alkali a^ammonia“or washing-soda) is introdueedf' 
into B. Wlien the clips are released, the u])ward currents "of Wafer 
separate the material inV> grades, tlVe sand-grade from 1 mm. to 


Fig. 2. — Crool's FJtf'frinior. 


A. Lower c;^linder for sand-gi’iide. 

B. Cylinder for silt-grade. 

C. Movable reservoir giving head of water. 

D. Overflow tube. 

E. Pressure-gauge. 

F. Outlet tube and jet. 



0*1 mm. diameter being bWjed up iji A, the silt-grade fi-om O'l-^^to 
0*01 mm.tdiameter being held in suspension in B, and the clay-grade 
bein^ cafriediover by the water through F. The last grade "may be 
collected in large jars and alloAVed to settle. The water may then 
be decanted off, tand the^ sediment dried and Weighed. As it is 
sometimes necessary, with ^clayey deposits, to keep the apparatus^ 
going for 12 or morg„ hours, until the separation is coipplefe 
(ahown by clear water passing over from B), a very fcige bufk 
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of water accumulates, Sind settlement takes mifch time ; moreover, 
tlie fine clayey material is difiicult to«deal with. When sej^ration 
aj^ear^.to be complete, the screw-^lip between A arid B ghould 
b*e closed a little.* fo^> a short time befoA tht gra^s^n A and- 13* 
are finally flipped off ^r^m one another. It is the usual practice; 
aftijr .di-ying, and weighing tfie separated grades in •A and B, to 
find the grader of < *01 jiini. ^liameter by difference. Tfte proportion 
of 4 naterial of diameter > l*mm. may dje found by sifting before 
elutriation.. The grading obtained by this appanttus is there- 
fore >,1 mm ^ ()*i anh ^l%miu., > 0*01 ^nd U’l mm., and 
t <ii4)’01 mm.'^ i\^s it is often dc'^mild^to know tlie jx^rcentages of line, 
piedium, and coarse sand, tlie driotl portion of jdiameter > O' I and < 1 
mm^may be subjected to sifting through 0-5 and 0-2G mm. sieves. 

^In the case of trife winds, very little material should he found 
in B or pa^s over through F. 'lilie height to which a kyown 
weight of sand is. borne u]> in during the experiment givd^ fhe 
obseryifi’ an idea of the jiroporfion of the coarse, inec^m, or fine 
sand-grades.* For* examph*, in the elutriatifm 'of Fontainebleau 
sand,* a^seetliing mass of grains 10 c%u. higli, with a shar[) ujiper 
limit aid almost clear eoluftin of waier above, is seen in A. The 
sliirp upper limit indicates a high jiercentage of one grade sucli Ss 
coarse sand, medium sand, etc. An indefinite, hazy border, or the 
complete occupation of A denotes a mixture of grndhs, and the 
sand is therefore not of the liest for glass-making. Crushed rocks 
invariably give the latter result. 

^l^ie great feature of Crook’sl apparatus is its simplicity and 
rapidity of working. By adjustment other grades than those 
>1 *mm.* >0*1 mm. and < 1 iinin., >0*01 and <()‘l mm., and 
<0-01 mm. can be separated. The Schoene apparatus (or its 
modification here described) enables grades between any desired sizes 
to be separated, 1 % many as eight or nine grades being obtained if 
desired', ^llie apparatus requires much more attention, and, since th^ 
gm-des ai^- separated one at a tim», a complete analysis of a sediment 
may take a considerable time (sometimes a week of working days). 

The Stadler modification of the Schoene apparatus * is repre- 
sented simply in Fig. 3, page 24, and Plate I. fig. Essentially 
it consists of a cylindrical vessel A about 40 cm. long and 5 cm. 
in diameter drawn out and bent round at the bottoi^, and fitted at 
the top with a stopjiered funnel B, and outlet tube C. The tube 
O divides into the vertical piezom4t3er tube D which registers the 
pressuk and therefore the velocity of water passing throu^ A, 
and a jet E. The tank F gives a fixed <head of water; thelattir 
fosses down the tube (1, controlled by a stop-cock H, into A. 
A short length of glass tu*bing and a clip are attached to the 

* H. Stadler, loc. cit. p. 689. Made by Messrs. Griffin & Co., Kings^ay, 
London. Mr. T. (^ok suggested a modification of the Schoene apparatus, 
using jets of vaiying siie, in Boy. Dublin Socff, Econ. vol. i. pt. 5 (1904) 
p. 267. On elutriators generally, see Keil|)ack : ‘ Lehrbuch der praktischen 
*Geolpgie,’ 1908, 2nd ed., Stuttgart, and Ei^^ ‘Clays, their Occurrence, 
PropertiA, and Uses,’ 1908, 2nd ed., New York, ^ 
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lower end of A, v^hich may be fitted witlf a glass stop-cock. The 
tube p is about 100 cm.tlong and is suitably graduated. A 
seriej? of |ets (best made by the operator and standardiJ'.ed Tgith 
'the instrument) with holes from 2 mm. ‘diameter down to ‘an 
extVemely small size fajiout 0‘2»!> mm.] are fitted irf turn at 
Knowing the internal diameter of* A, and measuring tli^ .volume 
of water outflowing ])er second froii] each jet, we can plot curves 
and draw' up a table showing the 'jet used and the piezoYicter 
reading for all the velocities of water in A we require.. 

Fig. 3. — S.*a(US)''s niodijitafihn^of the Schofine Elutrtafur. 


A. Elutridling cylinder. 

B. Intake funnel for sediment. 

C. Outlet tube. 

D. Piezom^er. 

E. Variable jet. 

r. Tank to provi Ir fixed head of 
water. 

0. Connecting tube for water-supply. 
H. Screw-tap. 





A weighed quantity of sediment, jireviously treated as described, 
is washed do^vn through B into A, and se])arated into grades eom-^.., 
mencing with the Hnest, by attaching thejjroper jet E and suitably ' 
adjusting the water-level ini ]) by means of the screw^-tap*H. 
To^distribuh' the water-current entei-ing A, shot or mercury inay 
•be placed at the bottotn. The grades are thus separated one at a 
time and the procedure is^slow, so slpw, indeed, as to give time ‘tor 
complete ^/Settlement of the finest grades as they come over, and 
periftit decantation and estimation. The grades to be sepsfrated will 
depend on the nature of the investigation, Mr. H. Stadler, while 
at the lioyal S(ih(iol of M^’nes, classified battery ^ulps in a series of 
grades in a reduction ratio of the weight of a grain of each grade of 
four to one, F or glass-^nds, moulding-sands, and general geo],ogicM 
work, it is more advan|ageous to adhere to the classificatidS detailed 
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ibove, but the apparatus permits the estimation* of certain useful 
ptermediate grades ( > 0*01 and < 0‘05yi. > 0‘05 and < 0*1 mm.^etc.)* 
relative advantages and disadviyitages of the twcf forms of 
ippai-atus cannot be d^^ussed here, but if may be ij^pdkted that 
tor work dealing largely** ^th dejiosits whhdi are essentially saiffts, 
Crook's* ai^ipai-afus, combined with careful sifting, is Sampler and 
more rapid in its action. The^wide cylinder B in Crook'lelutriator 
may substituted for the cylinder A ir^ tlie Sclioene apparatus, 
i^iving greater accuracy in the separatioif of tlic fine g4*ades, while 
using tha latter aP 5 )p‘ara 1 ;ns. 

# D* V 

^As some diffiyiSty has arisen a^ tne presei^ time in getting the 
tiecessjitry glass-ware blown for such elutriators as that designed by 
Prook, it may be of stt’vite to giv'e a brief account of* the single- 
vessel elutriatyr which can be constri^;ted from wide glass tubing 
usually kept in stocjc. Tubing oTie and a halt,4^wo, or three inafie3> 
in diam^er is eminently suitahlui for all but the small grades of 
liameter less •than ()'05 miif. By changing tlie*head wajer, 
small difj^reifces in velocity maybe obti^ined, but for such variation 
IS is req’iired for the se])araiion of suitable grades of a sand, the 
sizcaof the outlet must be varied by means of jets of differing* 
apertures. 

Thtb single- vessel apparatus is indicated in Fig. -J- ^lage 20). 
Separation of the grades takes place in the tubular vessel A. The 
length of the vessel is a matter of importance, and the lower 
drawn-out conical portion should be equal in length to the upper 
cylindrical part. For two-inch tubes, each should be about 8 inches, 
but f(«’ thS separation of grades in three-inch tubes, 0 inches for 
each part is sufficient. *It is advisalde to have the lower end of the 
tube opened out slightly to enable the rubber connexion tubing 
to obtain a grip Ujj)on it. A constant velocity for any one jet is 
obtained by adjusting the height of the vessel B, which gives the 
head of wtter. The vessel A is .fitted with a two-holed rubber 
stopper, into which are inserted the manometer tube C and the 
outlet tube D fitted with the jet E. Whtn the desired velocity of 
water passing through \ is obtained for any one jet, the height 
of the water in C is marked. The area of c]’oss-se(*tion of A is 
determined accurately, and ^ number of jets may be standardized to 
give the required velocities by measuring the outflow yielded by 
eacph. Small differences hi velocity ijiay be adjusted by raising or 
lowering B. Approximate sizes of jet-holes and head of water, using 
the two-inch and three-inch cylinders, are as follows : — • , 


• •* 

- t , - 1 

2-inch (i)1 mm.) 
cylinder. 

3 -inch (fd mm.) 
cylinct^r. ^ 

j Diameter of^grfttiB separated 

# 

mm. 

j mm. 

mm. 

mm. 

0-4 

1 •0-2 

. i-1 

0-05 

„ „ jet-aperture 

7 

3 

3 

2 

1 Head of water \ 

\ • • 

1880 

1 J 0 

J 

1 

700 

400 
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methods of study op s^wds. 


As in the Scltbene appamtus, describefd on paffe 23 , successivelv 

Th^hbrne Inn T “■ smallest, 

ine hchbene apparatus diflprs ,n having a fixed head otVwafe^ ’ 


Fig. 4;.— A 


sing^c-i'es^et iorm ^fillutriator^ X i-. 


A. Elutriatirjg Cylinder. 

B. Movable reservoir g’lviiiff 

bead of water. 

C. Pressure-gauge. 

D. Outlet-tube. 

E. Jet. 

E* Spring-clip. 



^ “.’^•'"deravill be found to her 
nQ^4‘ n * 1 . 3 ®^® conveniently be made®of fflass-tubini? 

partially closed in the bltov-pipe flaw and hlnnf,.nn.S 


n 1 conveniently be made®of fflass-tubmiy 

t D h Wunt-lrSf; 

y rutlber connexion-tubing, close up io tj^at the- 
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glass parts are touching. * Care should be taken that if the rubber 
or glass-tubing connecting A and B is replaced by longer or ^ider • 
matayial, .‘Wie overflow should be reni^asured and any hecess^ry 
correction of ^head Frictiwi plays vc^y g^at* part in ■ 

retarding the flow of water through tubes, |^peeially when the*hi§h 
velocities necessar}’ to grade. to 0-5 and 0-4 inm. are obtaifled. The 
' tubes connecting "a and B are ^lierefore made as wide as^ possible, 
and tf?ey should not be changetf in length f)r diameter ^nov should 
rubber be replaced by lengths of glas^, without clinching all 
velocities •again. • (These reiji^’lfc apply also io tl^e Crook and 
Stk(^^?ir elutriatoinj 

Thcoaccumcy of the elutriation ])vocesses has usually been 
ohecked by examination and measurement of grains* from the 
separated grades under the micros<^ope. » A word of warning is hcye 
necessary. In dataarelating to mechanical ani?iyses of sedimefltS' 
(tor exapajile, moulding-sands, tii-e-^lays, etc.), the average cjiameter 
of the ^rains^ constituting ea'Mi grade is given? Both i^-eologii*ts 
and miniag-engineers have found tlut*t the average diamettT 
obtained bj" microscopic measuibment ha-j usually too high a value. 
Wh0?i almost s])herical grains of known specific gi’avity from 
•any one grade are counted and weighed, the average diameter 
may be found by calculation. This value is usually it'ss than 
3:hat obtained by microscopic measurement, because the grains 
are rajely true spheres. They tend to lie in their ‘‘flattest” 
position, and thus the minimum diameter is usually not measured. 
Particularly^is this the case with cei’tain crushed minerals, among 
which IS quartz. Quartz, although it has ik) cleavage, tends to 
crush into a ^'ery flaky* form, and elutriation products of this 
material, which has been recommended as a glass-sand, always appear, 
when examined under the microsco])e, to be coarser than they 
, really are (compare, for example, figs. 2 and 5, Plate IV.). 

It is an intercvsting fact that the average diameter of the grains 
of a sand is frequently a very small figure which is not at all fhe 
size of grain that appears to the eye to Be representative of the 
sand. An example will bast illu.stmte the point. , • 

Taking a well-gi’aded, washed sand, such as that from Lynn, of 
,^echanical composition: >0‘25 and <U‘5 mm., 90‘g % ; >0‘1 
and < 0*25, 8*7 ; > 0*01 and < 01, 0 2 /^ ; < 0 01, 0‘3 % 5 

fi.nd®tha1^the true average cliameter (tiie sum of all the diameters 
divided by the number of grains) is^O‘0103 mm. This apjiears to 
be a very low figure, and is due to the fat;t that even m a tiny • 
percentage of a, small grade an immense *%iumber of grains occur. 
(Care must, of course, be taken before elutriating to en|ure that 
the sand is dry^'or moisture may be estimated as clay-grad^ by 
'difference. ) Lynn Sand was chose»as being one of tli^ best-graded 
materials. The Average diameter of Ljppe Sanjl, (see jiage 13l 
and Plate III. / similarly worked out at 0‘009 mm. If, however, 
multiply the percentage weight of #.ach grade by the average 
size oi thifc grade, add together the results Vnd divide by the total 
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percentage weight (i e. 100), a method adopted by H. Kies ^ . 
we ^obtain • a result which is ceidainly not the average diameter, 
but which is a size apjjaippntly representative of the- 'sand when 
examined and ireasiiVed under the mici’oscope. In the case of 
the Lynn*Sand abov^*, it works out at 0*285 mm. The latter 
result might be termed the dominant diameter”; it has been 
called elroneously the avernge dimeter. That it is not the latter 
may easily be seen by making a similar calculation upon a sandy 
clay. 

In connexion with the undcrgrmnd ])assagt of wat^r tlirough 
sands, Hazen desired to hivl tlie mean or avenge-sized- gr: ii of 
each sample t- T^ds mean size he termed i\\t 'effective size, 2 iW(\. 
it was to be such that, if all the grains were of that diain^der, the 
sand would have the same transmission capacity tliat it actually 
])ossessed. Hazen adopted screening, and decided that the effective 
• size should be det rmined from the mesh of the sieve which allowed 
10 per cent, to jiass and retained 90 per cent, bv weight of the 
sijind. riie variety of sizes presen tin a sam})le lie indicated by the 
unifonnity coefficient. To determine this, he found die size of 
the sand-grain such tha*^ GO per tent, was of smaller and 40 per 
cent, of greate*]* diameter. Then the uniformity coelhcient 

= - • Hazen found that 10 per cent, of sm.dl grains 

ettectivn size ^ " 

had tlie same effect on water-how as 90 per cent, of the larger 
grains, provided that the uniformity coefficient was not greatei’ 
than 5. 

The uniformity coefficient for the majority of British sands here 
described (dominant grade=medium sand >0*25 and <0*5 mm. 
diameter) is nearly 2. 

(c) Graphical Expression of Results.— 'yhe expression of 
mechanical analyses in the form of curves brings out contrasts 
and similarities in sediments moi*e graphically than Joes the use 
of space {e.g. “ strip” or “butterfly ”) diagrams. Similar graphs 
hitve been used for screening-analyses in connexion with water- 
-supply and percolation, in the publications of the United States 
Geological Survey, and for analyses of moulding-sands in those of 
the Geological Survey of Denmark. The curves here drawn are to 
be regained as approximations only, serving to visualizl^ the lists of 
figures given in the tablet of meclianical analyses. Refe^’ence 
should always be made to tne latter. Cumulative percentages by 
weight of material abpve the grade-size (marked horizontally) are 
set off’ vertically as orlinates. For example, in the curve XW 
(Fig. 5) representing a specimen' of London Clay, about 17 per 
cent, off the sample is of diameter greater than 0*.l mm. and about 
55^ per cent of diameter between 0*1 and 0*01 mm. ; tiie prdinate 
^at the latter grade-size is therefore 17-1-55 = 72 per cent. The 

* Trane. Amer. Foundrymen’e Assoc. 1906, page 63. 

+ C. S. Slichter, “ Motione of Underground Waters.” Water-Supply find 
Irrigation Papers, U.S. G^ol. Survey, No. 67 (1902). 
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horizontal scale adopted is' proportional to the logarithms of the 
diameters quoted, in order to keep tlw scale representing ^tho 
various grades down to clay within the qf)m|jass of the page. 

The cm'ves are plotted '^rom four or Hve }X)5its, with ‘A^formation 
fo;; intermediate points ohfaiyed from microsjj;opic examination.- ’ 

Horiaont^^lity pi any jiai-t pf the curve means the absence of the 
grade-size eoiTesponding to the^ distance that such horizhntality 
^extend:, V'erticality in the grapli me.ins a oonsiderable jici-eentiigc 
of the grade-size eorrespondhig to tlie j/osition of tli? vertical 
jiortion. In the kgures for’ gkss^sand.s and other similar well- 
graded sands the -vertical] ty is jindiahly greater than represented, 
but the absence information as to pereentatTs of inti*rmediate 
grades }»ve vents more accurate ])lotting. All llie curves eventually 
tu-rii up at the right-haiid’end (in the clay-grade portion) when 
the total reaches, as it must do, U)0 })er >-ent. The approach to the, 
upper line may be asymptotic, the particL-i; may gradualU' 
diecome smaller and smaller to vaAdshing ])oint; but it is more 
probable that in* most sedimentk a lowei- limit of oizi ’of jiaidiele is 
reached, wlyn ?lie cui-ve turns up thus ' — d Probably solution 
eventually causes the disa])]>ear}i’nce of t’uy particles before they 
disintegrate mechanically. 

* Kepresenting the mechanical com])osition of a sediment as a 
cur\e (Pig. 5) obtained by plotting cumulative jiercentagcS of the 
venous grades against the diameter of particles in the gi-ades, we 
•see that a pure gravel, 100 percent, of diameter not less than about 
2 mm., is represented by the vertical line AP, a ])ure sand of 
medium grade by CD, a ])ure silt by such a line as EF, and a 
pure cla} by another vertical line such as (IH beyond. Such ideal 
I sediments do not seem to be ])re.sent in nature. The curves TU, 
WX, and YZ represent actual British sediments which have been 
.subjected to mechani<jal analysis. The curve TU is that of a true 
medium sand 1:‘rom the shore at Kynanoe Cove, Cornwall, WX is 
a true loam,Vorked for brick-making, from the London Clay at 
Ipswich, and YZ is a true clay of Upper Glacial age fropi 
Hasketon, Suffolk. These three sediment.s*approiudi very nearly 
to the highest perfection to be expected from nature) deposits. 
With them should be compared the curves indicated in Fig. 6, 
which are of some well-kn6wn and succe.s.sful moulding-sands. 
The upper curves, representing the famous “ Belgian^ Ked and 
“Coi'iiish Red” ( Pliocene 'Beds, St. ^rth, Cornwall)* moulding- 
sands, etc^, are clearly from their position indicative of coarser 
sediments than the other represented, which is 'the well-knowfi 
“ Er|th ” sand from Charlton (Kent), much finer in gi-ain. In spite 
of the variation in size of the constituent grains, the pri^^ortion 
of the graces is^eonstant and causes the curves to be rems^rkai^ly 
sympathetic. The graph of the “Belgian Red” moulding-sand is 
seen from the figureoto cut across the others, owing that deposit 
containing a greiiter proportion of clay, apparenlly fermginous 
kaolin. Actually it is more ndafly the ideal moulding-sand expected 
on theoretical ^unds, i. e. one with high cR^-grade for bind, and 
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Fig. 5 • — MechanieSl Analyses of Sediments : Graphical representation. 



Fig.e . — Meclianicid Analyses of Sands : Moulding- and Glass-Sands 
compared. 
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with a good qi^antity of sand-grade (other than fine sand) for 
openjiess and ventilation. ^ The ideal moulding-sand for “greensand 
moulding” would be grapl^ed-as in Fig. 7, AB, the hor^fcontaVpart 
of the pitrv^ passing Aer the fine sand- ai^ ^ilt-grades. ‘ Some of 
fi'ie Pliocefie, Eocene', apd Cretiaceous Beds fringing the kaolinized 
granite-masses of Devon and Cornwall approach verVrQlosely to 
this ideafl. Moreover, the claj^-grade is composed ^largely of kaolin,, 
the I’efractory propertirs of whicl/are excellent. The difficulty to 
be solved /s that of making the kaolin, which is not a very plastic 
clay, into a good/‘ bmd.” 

Fig. 9 . — Mechanical Analyses,: possible variation in true sands. 


. ........... Sand - — - - Silt - - - - - Clay- 



On the ' dther hand, a perfect glass-sand should be all of one 
grade, preferably among those sizes n6t so desirable in a mouldings 
sand. In dther words, a sand from which glass is to be made 
should have all its grains o'! one size, not greater than 0*5 aim. 
or less than 0*^. mm. diameter. Tlie curve CD (Fig. 7) would 
represent such a «and. < 

With these ideal ca^s should be compared those of Fig9 8, 
represenifing such unsorted dep6sits as those mentioned in 
Ch^terll. The curves in Fig. 9 show the possible ^variations 
in grade of (.British sands, and^ from a comparison of Fig. 9 with 
Figs, 10 & 11, page 50 (see also Plate III. fig^. 1-5), the special 
grading of sands for glkss-making will be realiztd. The badly- 
graded products obtained by crushing* rocks are indicated in Fig. 
page 79 (see also PlateoIII. fig. 6). 
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CHAPTER IV. 

(^I.A ss*Ma nue a cture. 

iJ^ierature on Qfass-Sandsy — Comparatively lilftle a])pears to 

liaye been writtej:*up()ii tlie important subject o| glass-manufacture, 
and especially in this country is there a dearth of literature bearing 
lyDon^ the problem, ^^dy a small amount, too, of tht available 
lijierature refers^ to modern ])rocesses aigl developments. For those 
interested in the methods used, ?^nd those wh(^ desire to realp?(? 
to what extent knowledge of ou» geological resources may lielp 
the trade, the following works*are recommended ^ 

Glass l^anufactur© (Cc>nstable).*by Walt^Rosenhain, 1908. 

Glass (Sir Isaac Pitman & Sons), by P. Marson. Just published. 

'fhe Principles of Glass-makmf? (G. Bell <fe Sons), by Powell and Chance, • 

18 ^ 5 . 

Gl»s. Articles in ‘ Encyclopa3dia Britannica,’ 11th editipnf by Harry 
J. Powell and W. B.osenham. 

Jena Glass (Macmillan & Co.), by Hovestadt , translated by J. D. and 
Everett. 

Glass-blowing and Glass-working, by Thomas Bolas, 1898. 

Abridgm^ts of Patent Specifications of Glass • 10 volumes, 1855-1915. 
GlaSs-blowing, by W. A. Shenstone, 188G. 

Glass Article in Thor]|e’s Dictionary of Applied Chemistry, 1912. 

Le Verre et le Cristal, by J, Henrivaux, 1897. 

La Verrerij au X^ftne Sieole, by J. Henrivaux, 1911. 

Die Glasfabrikation, 2 vols., by R. Dmlle and others, 1911. 

Die Glasfabrikation, by R. Gerner, 1897. 

Die Herstellung grosser Glaskorper, by C. Wgtzel, 1900. 

Die Glasindustrie in Jena, by E. Zschimmer, 1909. 

Glas . being Part I. of ChAnische Technologie, by B. Mull^, 1911. 

Die Glasatzerei, by J. B. Miller, 1910, 

Zeitgemasse Herstellung, llearbeitung, und Verziejung des feineren 
Hohlglases, by R. Hohlbaum, 1910. • 

i)ie Bearbeitung des Glasoe auf dem Blfcsetisch, by W. LermantofE. 
Sohm«lzen und Kryataliisiereij, by G. 'ft.mmann. 

Die feuerfesten Tone, by C. Bischof. • 


The following catalogues ai;d periodictls may usefully be con- 
sulted : — 

Catalogue of works on glass in the Library of the Society* of filass 
Technology. ^ * « 

Catalogue of .worKS on glass in the Library of thg rflnglish Ceramic 
Society. ^ 

Catalogue of works on glass in the Public Reference Libraries of 
Birii^gham, Leeds, and Manchester, 1913.* 
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Catalogue of ’w''i*rk8 in the Patent Office Library dealing witli Ceranflos 
and Glass, 1914. 

‘ Si^echsaal Kalendar, anniSil volumes. 

Periodicfils : — 

Die G&.8iiiiiu8trii3. 

Sprechseiii. 

Gla&hiitte. 

Diam^.t. 

Silikats-Zeitschrift. 
flKerailiische Rundschaif. 

Tonindijstrie Zeitung. 

Journal of the Society of Glass T^chpology. 

Transactiais of the Optical Society: ' 

English Ceramic Society. 

^ American Cetamic Society. 


References to other scattered papers, etc., and to additional Froncii 
end German literature, will found in the works cited above. ' 
Lists of formula for various glasses have recently been^ issued by 
the Institute of Chemistry *. Others are supplied ounfidentially. 

the important question of glass-sands, less Gtill has been 
written ; indeed, the literature m^iy almost be said tef be non- 
existent. In very few counti'ies do we know the properties, 

^ quantity, and workability of the sand-resources generally,^ and 
little of' t|jis knowledge concerns glass-sands. c 

No thoro’iigh discussion of the properties and desiderata of 
glass-sands is known to the wiiter. Scattered notes are to be' 
found in publications of the Geological Surveys of the Rnited 
States, Denmark, etc. These are referred to in their appropriate 
places hereafter t- c 

The dearth of literature upon glass-sands in this country is 
•doubtless due to the fact that before 1914 manufacturers of 
glass in the United Kingdom used large quantities of foreign 
sands, notably from France, Belgium, and Holland. The use 
of such imported sands, frequently to the entire exclusion of 
•our own resources, was due to^ two main causes : in the first 
place, the sands were g^merally purer than the obtainable British 
sands, and, in the second, the cost was less, particularly when 
foreign sand® were brought back as ballast on a boat’s return 
journey. The latter state of afEaius arose because the British 
supplies of <3and were frequently situated inland ; thus the costf 
-of transport by water from abroad was bss than that by rail ^om 
•one part of the countiy to another, So little has Britain investi- 
ga^d and relied, upon^ her owVi resources of sand, that it is not 
surprising to find a German writer upon glass-making declar^ig 
-categorically in 1885 tlfkt the English sands were iron-bearing, 
while only those of the Isle of Wight were considered worthy of 
mention? is stated that the English obtained* ^lass-Sand i&om 

Proceedings, olpl 5, Partadi., iii*, & iv. , 

Since the above was written, there has appeared a'^diaouasion of the 
glasa-eandfl of the D.S.A,, by Fettke, Traha. Amer. Cer. Soo. 1917, yol, 19, 
160 . 
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i^nce, 'America, and Australia ! * Such statftnents are hardly 
correct ; for as far hack as 1858 Northampton Sands, Ashdown 
*an^ Tunbridge Wells Sands, Aylesbift’}'' sands, Aylesford^sahds*,* 
Ly-nn * sands, Thanet% Sands, BagsBot %inds^ and o^ers were 
already in uSe f. * • ' • 

• T^cheuschner, the Germfin writer referrid to above, m^itions tnat 

glass-sands wei’^fe obtained in* France from Maintenon, For^inebl’eau, 
Neiij^ours, and Champagne ; •and in tl^ German Empire from 
Nievelstein in the Rhine frovince, Htthenbocka in Prussia,Kand 
Leingo in Westphi\Jia* * 

• • 

Raw Maferi^a : Importance oj tSand , — The various kinds of 
^ass^may be regarded as mixed silicates (anfl, to a smaller extent, 
J)orates) of the alkalii*, f odium and potassium, the alkaline earths, 
^alcium, barium, magnesium, etc., ^and lead, iron, zinc, and 
iiluminium. ^ 

Probably the silicates, nuu uxiues are in a state of 

inutuiTl soliil^on in *000 another; but, just in tl^e saij^ way as 
much* dpiutl exists among petrologi^ts as to the combinations 
into wdiKjli the vaiious elements entei^in a natural molten rock- 
magma (of which a natural glass such as obsidian is only a 
solidihed form), so authorities on the chemistry of glass are by no 
mean^^tigreed u}ion the actual compounds formed. Ti^ geologist 
is mainly concei’ued with the fact that the finished product, glass, 
consists of 60 to 75 per cent, of silica, which is contributed 
to tlfe raw mixture in the form of a sand. 

The “batch” or mixture of raw materials such as sand, soda- 
ash (iNa,CO J, salt-cake (Na,^SOJ, potash (as KAT), or KNO,), 
limestone (CaCO,). replead (Pbpj, manganese dioxide (MnO^- 
coke or anthracite (C), alumina (Al^O,), boric anhydride (B^Og), 
barium carbonate, ^calcium fiuoride, etc., according to the kind of 
glass required, usually consists of 52 to 65 per cent, by weight ; 
of sand. •A small amount of sjjica is sometimes added in the 
form of felspar; but the percentage of silica is increased in the final 
product (which, whe"n molten, is termed “metal”), as a result 
of the loss of such gases^as SO^, CO^, etc. The silica-percentages 
in some well-known glasses are as follows : — Window* 53 per cenf., 
lead flint 53 per cent., soft^oda (chemical laboratory ware. X-ray 
tubes, etc.) 54 to 56 per cent., green bottle 57 perl^ent., miners’ 
lamps 59 per cent., confl^ustion tubing 60 to 62 per cent., plate 
■62 per'cent., resistance (very like Tfena) 63 per cent., soda-lime 
(Venetian) 73'4 per cent., potash-fime (Bohemian), 71’7 per c«nt., 
aid so on, the proportions varying somejj.^hat in actual practice. 

‘In point of bulk, therefore, the sand is the most* important 

* ‘ Handbnch* der Glasfabrikation,’ E. TscheuBchner pVei«iar,*1885;, 
page 72. Analyses of various glass-sftnds are also given in DraUe’s ‘ 
Glasfabrikation,’ ant of German glass-sands the ‘ Sp^pchsaal Kalendar ’ 
(e. g, 1916). * 

• t Mineral Statistics ; Mem. Geol. Survey (1860, being Part ii. for 1858), 
|>age 374.# 

* 1)2 
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in^gi edient, and properties influence to a large extent the 
character of the glass obtained. 

* As emphasizing the hearing of the sand used upon therquali%s 
,ot the glass, e;;ain^le given by Hovestadt may be quoted, 
iharmometei -glass, ma'de in the Thurinffian Forest district, owes 
its special quality to ceitain ^and found only in the neighlyiur-' 
hood of th^ village of Maidinroda. The glass withstands repeated 
meltjjng, blov\ing, and fasing without change; while ordiicary 
glass, such that of windows, become.^ rough and dvdl of surface 
even after short ex^nosure to the ^aine." Other sands are .believed 
to be unsuibfhle, especiahy the . 'lure sand froiq, Bi-andenburr, 
Ihe cause of excellence is attributed to the alumina present 
which forms 8-()G per cent, (page 21, Everett’s translation). , 

The raw niakuials used in glass-manufactule may be conveniently, 
grouped, from the geologist;- point of view, into , two classes:. 
{h) cltocks and minerals such as i^ative silica (ii> the form of vein- 
quartz, sands, sandstones, or quartrites), fels])ar, kaolin, liine^stone, 
antjjracit^, fluoirpa^’*, cryolite, etc., Avli'ich are n*ed, exx*ept ])erha])s 
tor washing,_ in the state in .which they are won ; and Cliemical 
products which have been prejiai’cd troin naturally-occnri'ing sub- 
stances. Among the latter are salt-cake, soda-ash,’ borax luul Urki 
anhydride, potash, alumina, arsenic, and compounds of lead, barium, 
manga nese,*^C(^balt, chromium, nickel, zinc, and other metals.* * 

The resources of silica, ])otash-fcls])ar, and kaolin are referred to 
in the following pages. No diflicnlty exists in oldaining fairly 
pure limestone (that from Buxton in Derbyshire is most widely 
used) and anthracite. Cryolite is indirectly imported from Green- 
land and does not occur in the United Kmgdom, nor is it known 
to occui in the British Empire ; the resoivces of fluoi’Sjiar have 
recently been dealt with in a publication by H.M. Geological 
Survey 

Of the second group, the minerals from which pofash can be 
obtained are mentioned hereafter. British resources e? alumina 
have yet to be described in detail. Those of barium (as barytes 
and withente) and ma?,ganese ores have been dealt with by 
Geological Survey f. Ores of ar^^enic and zinc occur in 
Great Britaih, but the resources have not at present been syste- 
matically described. The minerals whfch vield boron compounds, 
cobalt, chromium, and nickel are imported from abroad, and are 
used in small quantities only. 

^dolour etc. of %}ie Upon the sand depend the trans- 

parency, b^JDiancy, lustre,! and hardness of glass. The uniform 
density of «glass, as will be seen in t£e sequel, is influenced to no 
small €sxt^nt by the mechanical composition of ‘the s^id. In 

Special Eeporte ,on the Mwieral Resources of Great Britaim vol iv 
Fluorspar; (1916). ^ w 

t Ibid. vol. i., Tungsten and Manganese Ores ; vol ii., Barytes antf 
Withente. 
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order that the finished article may have plenty of “life,” and 
,the sparkle and “ water-whiteness” of«the best glass, due altention^ 
nUist.be.yiaid to obtaining, and treating suitably, the safld itself. 

*For optical glass and table-ware (“crystal*^ and^‘ c5it- glass ”)• 
^nly the purest sands can*be used. • • - • 

Whei^ the glass is blown or rolled into thin slieet^ as irr the 
making of laboratory-ware, J^mp chimneys, incandescAit electric 
glolJes, window-glass, etc., the requiremints are not ^so* exacting, 
but the sand must still b^faiity pure. * The light parses through 
only a •small tlii^kness o%«gk«^s, which, although possessing a 
fll^it colour w^en seen in a -^clv mass (sometimes a faint green 
due to th(i smiMl (piantity of iron in the sand, at otliers a faint 
pink* due to manganese^which has been added in the form MnO.^^ 
►as *a corrective to the iron), ajij^ears colourless and h*as plenty of 
•life in the attenuated state. The c(#our may then be observed^l^ 
looking at the obfect “ edge-on, ♦ that is, thromgh a much grc*ater 
thickiess of jnateric^l. * 

Wiiile on^ tlie merest trace of iron imp^nvtySn tlt^ sandi is 
permitted for o])tical and cut-glass, ^less pure sands containing 
OT per ^ent. of Fe/), may*be used #‘or plate- and window-glass, 
ch^nical apparatus, globes, etc. ^ ^ _ • 

Small (juantities of iron or other im])urities are sufficient to 
detrdl^x from the lustre of table-ware, or to spoil 41ft power of 
transmitting light possessed by lenses and ])risms of optical glass. 

CjAoured glasses ai*e ])re})ared in one of two ways, tlie more 
common being that of adding a chemical compound to the batch, 
and thus obtaining either a coloured silicate (chromium for green 
glass,* cobalt for blue, etc.), or reduction to a very finely-divided 
metallic state (cop]>e]’ By gold for ruby glass). The other method is 
known as “ Hashing,” and consists in covering the surface of 
colourless glass \#ith a very thin coating of a coloured material 
(e. y., copper or gold ruby glass, which is o})aque when only inch 
thick). either case, 'to obtaiif purity of colour, it is essential 
that no amount of impurity such as iron should be present. 

The Process of Glas8-miahin(j.—T\i^i manner in w^ich the bateh 
is melted to form the glass^has also a bearing on the tind of sand 
used and its physical properties. Two dilTerent , processes are 
adopted. The batch nuy be place(^ in open or closed “ pots,” oi; 
crticibl^s, which stand *upon a ki«d of “ false-bottom ” in the 
furnace. This floor is known the “siege” (Fr. siege) 
has “ports” or openings in the middle ^or in* the end and si^ 
mils of the furnaces), by which the treated gas and, air enter 
playing around the pots. ’The pots are arranged around th< 
peripheiff of the furnace to facilitate the extraction of the Moltei 
“metal” from them as “gatherings” upon the •glass-workers 
iron rods or bio wJhg- irons. Melting of Jibe batch from the bottdn 
upwards is ensured as far as possible. For ordinary glass-work 
bpen pots were used ; but for* special ware, indeed for most purpose 
iiowadaj^, impurities are kept out by usiifg crucibles covered witl 
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a hood, “ gatherings ” being taken through a mouth-nke opening 
, at'the^side. »• 

In the* tank-furnac^ the® batch is melted in a lon^. batlf or 
tank cons*tn^^ted fronj, olocks ojc highly r^iimctory siliceous sand- 
st<5ne.’ Much larger quiintities of material can be dealt with in 
this way for, besides the larger capacity, the process a*' con- 
tinuous one, the batch being fed dn at one end' of the furnace 
(tibfing-hbl^) and the ifletal being continuously drawn froii? the 
other, and 'Cooler, end of the tank (workiqg-hole). ‘ Special and 
best quality glassfe cannot he id^ld^hi this mander. The tank is 
not covered, and tlie mixture dt burning gas r^iid air, forhft'dg 
sheets and jets of fiame, enters through ports ?ri the side-waMs 
above tlie surface of tlie metal. < , •’ 

When tlie fusion of the batch is complete, the metal is ft^eed 
fjnm bubbles of evolved ga^s aqd entangled air b} means which 
va^}" according tcf 'the kind of^lass made aifd the ci’a,ft of the 
glass-maker. This procedure is fiio'v^m as “filling.” , «’ 

^he pots arh Usually made of fire-clay (or of fy’e-clay imixed 
with other highly resistant materials), and are veiy carefully 
prepared. The floors, side^;..and crowns of the furnaces* are con- 
'structed from highly refractory silica-bricks and fire-bricks {R y., 
Dinas, Glenboig, and Stourbridge bricks, etc.), but frequenf^ly both 
pots and iDriliks are partially melted in the intense heat obtained 
in the furnace (1500°-! 600“ C.). Most furnaces are now built on ' 
the regenerative, and some on the recuperative, pi’inciple, by*which 
the hot spent gases issuing are utilized to heat the incoming mixture 
of gas and air. 

For the respective advantages of each kind of furnace, reference 
must be made either to books or glass-makers. Briefly, it may be 
said that for special glasses, where covering of the metal is essential, 
when considerable time is occupied iji complete Cusion .and mixture 
of the constituents, when they must be kept together l^ig enough 
to combine, and where accura?e regulation is required, the pot- 
furnace is more suitable. When large quantities of less pure 
glass are required, maximum space and heating are to be utilized, 
afid time ^ved by continuous working (for pot-furnaces must 
cool down and be reheated, and pots ^ail and need renewing) the 
tank-fumace«is better. The level of the metal is kept fairly con- 
.stant, and therefore convenient for the Y^ithdrawal of gatherings, 
in a tank-furnace; while th« glass left in the bottom of a pot 
frequently becomes “ cordy ” o«* “ wavy ” on blowing, and rarely 
us as good, or of the *same composition and properties, as tbg4 
already used from the poff. 
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CHAPTER V. 

TheJ^equieements of a good Gtlass-Sand^ 

Tile sand hitherto used in this country for all the beet kin^s of 
glass-work is* that of^ Upjfer Oligocene age from Pofitainehleau, 
near Paris. It shipped fr(fim ^uen and delivered in Britain at a 
cheap rat\ Since the omibreak of war, manufacturers have 
f^Dund consideral^le difficulty in getting it through, owing to shortage 
of barges and labour, ajid the dislocation of trade. Enquiries 
•were therefore made for suital)le substitutes from thh geological 
formations cropping out in Briti^in, vfitli the results given later,gx 
this Meiqoir. 

§ QJiaract^s of PontaineBLeau ISand. — As a ^ia^s-sarlH, that* of 
Fontainebleau nearly approaches perf<^tion*. If, therefore, we 
look into*its properties in soihe detail^we may hope to realize the 
desiderata of a first-class glass-sand, and know what to look for iik 
any ot^er deposits exploited for glass-purposes. 

(a^ General Chai^acters . — To the unaided eye, tiif sand is a 
beautiful white, fine, even deposit. With a hand-lens the sand 
appeg-rs to be composed of water-clear quartz, and only here and 
there a few dark gmins are to be seen. Unless the sand has been 
washed after its arrival at the works (and for all special glasses 
for optical purposes and table-ware it is usually washed carefully), 
a little dirt and occasional specks of black coaly matter may be seen. 
Such impurities are. of course, adventitious, and obtained from 
trucks and J)argestn course of tmnsit. The grains have no coating 
of white ckyey matter, as many sands have, their white appearance' 
being due to the ordinary retlectioif of light from irregular surfaces 
They are almost invisible under the microscope when mounted in 
media such as clove oil, Canada balsam, ^., the refractive indices 
of which lie very near to that of quartz (Plate Il^fig. 1). 'Uhe 
grains are free from the paje yellowish or brownish co^iting of iron 
oxide so frequently seen in sand. , 

(b) Chemical Composition . — Chemical analyses (see Table YI.) 
slil)w tjiat the sand conf^ins 99'65 99'97 per cent, of silica, and 

therefore must be composed almosi; entirely of pure quartz. Only 
^ small quantity of iron oxide is present f bench glass made frog^ 
tne sand is practically water-clear (provided, of course, np colouring 
compounds are added). The*alumina percentage is vei^low, being 
probably acco*fnted for by the rare grain or two of fqjspa* seen, 
and by the few heavy minerals present. Lime and magnesia are 
practically absent. 

•' * The sand fropi Lippe, in Saxony, is slightly purer, but Fontam^leau 
sand beinf better known in this country, has bean selected for description. J 
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Chemical Analysis of Fontainebleau Sand. 

Derby'QlasB Works. Barnsley Glass Works. 


8i0, 

f9-67 

99*80 per cent. 

AhQ, , 

0-19 

•0*13 

FeA 

o-od2 

0*006 

C^O 

0*14 

trace 

ISfgO 

none 

n. d, 

Loss on ignition 

0*18 

0*18 

/ Totals , . 

'100*182 

^100*116 per cent. 


(c) Minenzl Ci)v;?j?o&7Y2w.~I^(y^tiiinebleau s^id, like many/ji’h'3r 
very pure quartzose sands, contains less than 0‘02 per cent, of heayy 
minerals, which is below the average for all sands. In this heavy 
crop, of de.nsity >2’8, the minerals preker.t are clean and fairly 
coarse in grain. They inclipde 

magnetite, in j'-regular black giams ; 
zircon, in slender prismatic crj*^tals ; 
ruti>e, as y-re^ular foxy-red grains ; ‘‘ 
ilmenite, altering to leucoxene , 

tourmaline, blue and brown, in somewhat rounded prismatic fragments ; 
staurolite, in golden yellbw angular grams , 
andalusite, as small clear pleochroic grains ; 
muscovite, in larger flakes ; 

kyanite, in almost rectangular well-cleaved fragments ; 
limonitb, etc. 

From the chionical composition of these detrital mineiuk it is 
seen that silica is present in some amount, and that small quan- 
tities of iron, aluminium, titanium, magnesium, zirconium, and 
boron occur. The iiroportion of heavy minerals in the sand is so 
small, however, that even with the large hAlk of sand used for the 
batch, the aggregate amount of im])urities is slight. 

(d) Mechanical Coinfosition . — The evennefes in grain of the 
sand (to the eye) has been commented upon, and jnechanical 
analyses determined in elutriatoi’s like those described in Chapter III. 
are : 


c 


> 0^5 

“““■ J &<j. 

MS. 

>0*25 

&<0*5. 

PS. 

>0*1 

&<0*25. 

s. 

>0*0h. 

&<0*1. 

c. 

<001. 

s. 

Total sand-grade; 
>0*1 & <1 mm. 

1 .. < 0-1 °/ 

2 .. 

C 

1 70*6 % 
70*3 

26*6^7 

28*3 ,, 

2*8 % 

0*6 

' 0*0% 

0*8 

97*2 % *" 

98*6 

e 


1. Obtained' by the kindness' of Mr. Prank Wood, Managing Director of 

Messr&k Wood Bros., Glass Manufacturers, Barnsley. ^ 

2. Obtained by vhe kindness of Mr. S. N. Jenkinson, Managing Director of 

the Edinburgh and Leith Glass Co. Ltd., of Edinbu|gh. 

' * ^ t 

A suitable method of gmphical expression is by means of sk 
^urve, as in Figs. 9 , page J 2 , and 10 , page 50 . Practically 4^0 grains 
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occur with diameter above 0‘5 mm., and very few ^ below 0‘1 mm. 
diameter (see Plate III. fig- 1). , m ,• 

Shdfte of Grains. — Lastly, as* r^ards shape, Fontaineoleau 
sand' is made up of giafts consistently suban|ular» To^wlmt extent 
the rapid -ancf even meltiilg^of the batch depends upoff the sha]^ 
01 the* grains of sand is a disputed question, hut it is «lear that 
.such a sand as tlmt of Fontainebleau, the grains of which Vre all of 
I simila* shape, is preferable to one containing a mixture of angukr, 
subangular, and rounded fragments. • • ' 

(f) Ecqnomicsrn — In ‘'addilfLy^ tlie recomnwndation afforded 
by«uh«mical puri'^%*evenness of ^’ade, and suitability* of size and 
sh^^e, Fontainebtan sand can be trans])orte(i cheajdy and con- 
venient y to most Britisli glass-making districts. This is due to 
t^e insular position of Iff’itain, and to the fact that the sand can be 
dv^cfly shipped, from Eouen, and witln^it further handling may be 
discharged high up estuaries wljjich notch ouiyndiistrial areas,** 


Reqiiirements of Glass- Sands 

Up to the ])resent tiiiie mcT^^t manuliicturers and writers have 
been inclined to emphasize the importance of chemical analysis, and , 
io demand a very high standard of ])iirity in the sand. Experi- 
mental *i^ork carried out since the ojiening of the war hi^«tended to 
ydicate tliat fairly pure British sands can be used with success for 
• much good flint-glass work, thus tending to destroy the fetish of 
“ nothing but Fontainebleau.’’ Indeed, a few of the managers 
who have studied the technique of their work place the question 
of the evenness of grain of their sands on an ecjuality with, if not 
above, that of very high ^silica and very low iron-content. In the 
manufacture of glass other than that for optical jiurjioses (where 
exceedingly pur(' si^ids are sometimes required) the mechanical 
analysis is of breat importance. 

1. Chemical Composition. — From the chemical point of view, 
sands for glass-making should have a very high silica-content, pre- 
ferably over 98 percent., and for the best work over 99‘5 per cent.** 
they should have a low iron-content, for the best glass-’^ork below 
O’Oo per cent. Iron is always present in the heavy detrital minerals, 
as magnetite, limonite, or iimeiiite, or in the form of silicates, etc., 
but %ince the heavy crop *in a suita^e glass-sand is always less 
than 1 per cent., it is not the iroi| so present which determines 
the suitability or otherwise of the sand. Even ^uch a very ptffe 
8an% as that from Fontainebleau contains a proportion ,of dense'^ 
minerals, but its low iron -percentage is due to the absenqp of any 
coating of Jimonjte (hydrated iron oxide) or hematite (FCjOg) ijpon 
the quartz-grains. This iron-stainy;ig in sands, whiclfis the cause 

* See chemical analyses in Tablfes, In addition to these, Hohenbooka sand' 
is laid to contain 99'71 percent., and sand from Nievelstein, in the Ehine 

Province, 99197 per cent, of silica. • 
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of the rejection^f a large number of English samples, usually exists 
©n <^}ie outside of the qudirtz and felspar grains, but is sometii^es 
seen ins^e, due to subsequent growth of quartz after deposition of 
the pejlfcl^ of iron ofide. Inclusions of ferruginous material also 
cecur in ' ^Artz and f ^spar, having been caught up and enclosed 
at the time of their crystallization. 

The it^on -percentage should therefore always bfe low, but a small 
amount present in the^nd need not render it unsuitable, pfovided 
the median ical analysis Hs satisfactoSy, for much good glass-work, 
such as lamp chimneys, globes, khdratory-wpi, etc. rThe green 
or yellow cdlour due to iron nf^y be corrected the addl’ts** of 
decolorizers (including oxidizing agents or oxygen carriers) such as 
manganese dioxide, white arsenic (As^Qg), nickel oxide, selenium, 
etc. ‘ , i 

^ Glassy rocks, such as ebsidian, tachylyte, etc.,, which are pro- 
duced by the i*a}<ed cooling of jgneous magmifcs, similarly owe their 
dark green, black, or brown colbur to the presence of compounds of 
iron, al’femina, Ikne, etc. Similar black ”* or daj*k gree^i bottle- 
glass may obviously be made from impui'e sands. 

In consequence of tha demandTor a high silica-perCentage, the 
sands used are almost entirely composed of quartz-grains.<. The 
presence of felspar-grains in a glass-sand is desirable for many 
purposes^ but, unfortunately, it generally means an increasi! in iron 
and other constituents. The usual method, therefore, of ()btainin<^ 
the required amount of alumina and alkalies is to add pure^felspar/ 
alumina, and salts of potassium and sodium to the batch. Sands low 
in iron are for the greater part very free from other constituents 
also, mrely containing, except as traces, substances otKer than 
alumina. To yield the proportion of alumina required for certain 
glasses, a sand consisting of 40 per cent, to 60 per cent, of felspar 
would be required. Such sands, if they are to be free from iron 
oxide and certain other substances, are very rare, ana^indeed could 
only result from the denud^ion of such a rock as a veiy pui*e 
quartz-porphyry or a pegmatite, with no admixture from any other 
source. In Chapter YX. (page 36) the Thuringian Forest sand, 
.bearing 3'66 percent, of alumina, was mentioned as being especially 
suitable fdr the making of thermometer-glass. 

Calcareous sands are of frequeni occurrence, but are to be 
avoided, 'the calcareous material is often sporadic in its distri- 
bution. The Fontainebleai^, deposit is well known to geologists 
for the beautiful steep rhombohedral crystals made up completely 
of sand-grains, just ^ihented by calcite into the crptal slmpe. 

■ The sand used for glasftrwork is selected free from this calcareous 
materia^ but occasionally the supj^ies received in Britain contain 
a f%w cjialk -cemented balls. These are objected, to wfoen found, 
but usually%ll the consignm^ts are similar in their purity and 
remarkably true to sample. Other impurities %lso tend to occur in 
.calcareous sandS; and lime itself is »an undesirable constituent in 
Bands used in the manufacture of ceHain Jrinds of glass. 
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2. Mineral Composition . — The mineral composilfon is useful 

giving an indication of the relative aiiwunt of heavy detmtal* 
mineAls .pr^ent in the sand, and thee quantity of quartz and 
felspar in the , lighter, crogs. Sands with lirge •crops^of* heavy ‘ 

mii»erals can only he used ffc)r rougli bottl^glass. Indications olf 
the pretence in quantity of .minerals other than quartz* are, of 
course, yielded by the chemical ai^lysis. Mineral analysis Ifc, how- 
•■ever, a l^horter and less tedious yjrocess, and 4ike the spectroscopy 
examination of fiands, reveals "blie ])resenct^ of small quantities or 
the less common eletngnts. Naturally' -panned sandi^ — namely, those 
in \fM(?h the heavitj' minerals liave%een concentrated as* a result of 
osciMation produced by currents of wind or watert— must be avoided, 
even if, *is in some cases, tl^py are white and clean-looking. Iron 
minerals frequently make up a consideral)le bulk of a heavt residue. 
Sometimes, by tike combined eifects of •vind-action and screening^ 
by vegetation (as in tome of the Iiish dune- and»beach-sands), » 
•kind of wnnowi^g action takes plac^ by which they may be purified 
locally :^X)m h^vy minerals. ^Tost of tlie BritiaJi mnds^f thi^ 
character are maclc up of mineral material derived fi-om many 
sources, anc^ while yielding interesting mineral assemblages (in- 
cluding micas in English, Scotch, and Irish samples, although 
JRetgers states that these minerals do not occur in Dutch dune- 
sands) fre, in spite of being washed free from some#«dherenl 
liVtionite and clay, of little u.se except for green bottle-glass work. 

* The j^resence or absence of cei-tain mineials highly objectionable 
in glass-making may quickly be noted by mineral analysis. Zircon 
crystals (ZrSiOJ, if present in quantity, are very undesirable on 
account of their highly refractory character. They remain un- 
' digested in the metar* Titanium minerals such as ilmenite 
(FeTiO.J, rutile (TiOJ and its isomers, anatase and brookite (which 
are rarely abundant) %re also detrimental to the making of good 
glass. Titanium is always an objectionable constituent of the 
“metal,” and' it so happens that ilnfenite and rutile, like zircon, 
are among the most commonly occurring detrital minerals. 

3. Mechanical Composition (see page 21 for description ofi 
apparatus, etc.). — Elutriation is carried out on the assumption 
tliat the sediment is composed entirely of quartz, or of ^ninerals of 
the same density. Most sediments contain so small a percentage 
of heavier or lighter minerals, that thi error introduced by them 
is less than that due to experimental iJauses. 

Mechanical analyses of glass-sands, includfhg m^ny from abroad ^ 
which are successfully used in the trade, •indicate that tihe sand 
should have at least 70 per cent., and, if possible, more than 
90 per cen#., of oAe grade, and that this grade should be jn inost 
eases medium sand, i. e. with diameter between 0'25 gftid 0'5 mm, 
(0*01 to 0*02 inch). ♦ Although a “ mediunj” sand in .the geological 
sepse, it is a fine looking material to the eye. If me true “ fine 
saiM” grade, 0‘1 to 0‘25 mm. diameter, forms the bulk of the deposit, 
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SO much the ])etter, hut such sands are not abundant in the British 
Isks. A distribution of the bulk of the sand over these two grades 
is also not very objectionable, although glass-makers- naturally 
prefer 'co^stanc} of size. Grains over mm. diameter in a sand 
^-reduce its value consi(Jerably, and it is best that none should have 
a diameter greater than 0-5 mm. diajncter. If tlie exti-a expense is 
not prchibitive, a pure and fairly well-graded sand may he sifted by 
screens to rid it of gradns over 0-5 mm. diameter. Of the few sands 
used in glass-making, containing thS coarse gi-ade,'we may mention 
that from Leighton Buzzard-in 'B'edfordshii-e ^Lovver "Greensand). 
The sand as supplied has been 'washed, and coWcains pe? tent, 
by weight of diaLwter between 0 5 and 1 mm., Sind 74-8 per cei\t. of 
diameter 0'25 to 0'5 mm. The latter grade is suihible and its per- 
centage IS fairly Ingh, but it Avould be desira])le if the other 2-3 j)er 
cent, were of the next smaller, and not the next larger, giMe, 
as in the case o"*^ Fonhiinebleru .saiid, where‘’the ])ortion >0'3mm. 
diameter = Od per cent, or less, >()’25 and <()'^ mm. 70’G per 
ycent., and > Od and < 0-23 mm. = 2G'6 per cent 

If the ‘‘batch” is grc.and line before being melted the question 
of grade-size in the sai.d is obviously not of such inoment, and 
high percentige of silica and low ])ercentage of iron ai'e the 
desiderata. Leighton sand was used in this way by one fii’Ui making 
chemical glass-ware, hut it is doubtful whether much Advantage 
accrues from the grinding except in the case of the best gla.>s- 
ware. The extra expense is considerable. 

As the Tables indicate, there are many Bi’itish sands of which 
the mechanical analyses are similar to that of Fontainebleau 
sand. The regularity of grade of blown-sands in various other 
parts of the woi’ld has jireviously been ‘Commented upon, and the 
same holds true for British dune- and shore-sands. Although 
the evenness of these sands, due to selective transportation and 
deposition of material, renders them very suitable for, glass-making, 
the colour, as previously remarked, shows the presence of too much 
iron and heavy mineral residues for the sands to be used for other 
than common bottle-^lass, Dutch and Belgian sands imported into 
, this count:^ vary considerably in chiCracter. They are unifoimly 
high in "silica (some varieties containing pink quartz) and are 
used for qther purposes, as well as glass-making, on account of 
their refractory properties, The colour and iron-content vary 
somewhat, but the giude-aralysis, although variable, usually 'shows 
a high percentage (over 90> of the medium-sand grade. These 
& good all-round s^nds, and the nearest English equivalent in 
mechanical compositio^i is the Lower Greensand obtained - from 
near King’s Lynn, in West Norfolk (Sandringham Sands). Many 
qu&liti^s of this sand are supplied, and the best has k colour and 
low iron -cdn tent equal to those of the best Belgian sand, as well as 
a high percentage (95^ per cent.) of the desiAble grade. Furthei 
notes upon th^ various qualities will be found under the remarks 
upon this source of supply. 

British sands with £ high percentage of the grade of^“fine sand’’ 
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incluife those of the uppermost Thanet Beds from Ae well-known 
Charlton pit in Kent, and the Kelloway B^ds of Burythorpe, n( 9 ar 
Malto^, Yorl^hire. The fineness of their dominant grade and its 
high percentkge (nearly ?5) per cent. diam. >Cf l aiKi <025>ipm.) 
are advantageous. • • * 

In the^ Tables the cumulative percentage (S all the san degrades- 
(>0T and <1 mm. diameter)' is given in a separate colui1i»n (S). 
This should approximate to 10(T per cent. «for glass-.sands^ and 
rarely he less thaij 95 ])er cent. •The grade of diameter > mm. 
and < OT is best tej;med the »ijti,-gr;^de, but actually the coarser 
inatt^ililof tKis gi'aje !s a supeifme !^,nd. It is therefore Sometimes 
desirable to estimateiit in two portions : (^/) superfnift sand of diameter 
>0-05 mm., (b) silt of diameter <0-05 mm. Certain deposits, 
for example, are certainh* slinds, but contain a high ])en 3 entage 
of Qie grade >0 01 and <0-1 mm., the ^grains composing which 
are mostly above 0-05^mm. diametei* Such are tlj^' saials of thc' 
inferior Oolfb' from Bridj^ort, Midl^u’d, Yeovil, tlie Cotteswolds, 

, etc., whicfi show* a renfarkabk^ nniFormity of grad^ c'i cr <r large 
area. * ^ 

Tliese Inferior Oolite Sands air unfortmiately yellow in colour, 
eontain^nuch iron oxide, and heavy cro])s of dense minerals. They 
ar^ occasionally calcareous, but clear ra])idly to fine white micaceous 
sands on ^^finiiing with dilute acid. Their use for glass ^-wrposes 
is •therefore at jiresent ruled out. Sands of this extremely fine 
ga'ade are rare in the British Isles. 

Sands ^o be used for glass-making should not conbiin much of 
the silt-grade. The clay-grade, of diameter < O’Ol mm , certainly 
should be* absent. The percentages sliown in the tables w'ere 
estimated by difference ( se^ page 28 ). The figures in this column, 
therefore, include liygroscopic water (some of the samples were 
air-dried at first, and jjll the grades wei*e dried at 100° C. before 
weighing), dust ‘accumulated by exposure and during transit of the 
safid, the limcftiitic coating on grains *in some cases, and films of 
soluble or other salts (c. y. sea-.salts in the dune- and shore-sands). 
Probably this grade is practicalh" absent in ii?Dst cases where it is 
recorded as less than 0‘5 per ^ent. 

* Such sands as those of Triassic age from Worksop in Nottingham- 
shire, and Spital in Cheshire, ^actually contain clayey and silty 
material (including kaolin). Some of the clayey and dus^ymatter 
coats file grains of quartz and felspar. The Tables indicate that^ 
although they are fairly clean sands^ they are not sufficiently 
well-graded to be suitable for the making oP other than common’ 
.glass^^ . . • 

Mechanical analyses of Araeritan and Danish glass-sapj^s are- 
appended fo^comp^rison (see pages 168, 169, 170). ^ 

/ The use of pot- or tank-furnaces has an important bearing on tho 
grade of the sand usei^ for the batch. ^Vhen a poorly-graded sand, 
containing much fine powdery silica, is usdd in th# batch for a 
•fcanl^fumace, considerable loss diae to “ blowing-out ” results. The 
other constit]jents such as compounds of the •alkalies, which may 
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be in the fom^of fine powder, melt more mpidly, an A so ai% not 

• lost *. A considerably ijiigher temperature must be attained before 
silica fuses ; fine material is- therefore earned away by the l^st of 

• gas and rir before ^it melts.. Not onlyQloes a real loss in bulk 
othus oceiS-, but the resulting composition of the batch is changed. 

When melting "takes^ place in pots' this loss by bl(jviijg-out is' 
obviated. Silica in a fine state of division in a sand is also open to 
objection on other grounds. Air-bubbles entangled in cthe fine 
material are introduce(hinto the “metal ” from which they are re- 
moved only with great difiicul'^y. ^ 'J^he line particles melt before the 
coarser ofies, and the resulting^' metal sinks 'to^ the bottom<* ,The 
density of the molten material thus formed i^ not constant^ and 
varies as the pot is (le})leted of its contents. If coarse grains are 
present, 'the batch takes longer to meltiorthese remain as undigested 
or partly digested lumps in the glass (“ seeds ’* orJ‘ stones ”)'. ,The 
n'esults, therefore, of using non-graded saijds are unsatisfactory. 
The value of such a sand as Jiat of Fontainebleau li6s in the way^ 
in whhh tl>o \Yhole of the batch cv)ntaining it passes smoothly into 
the molten condition at almost the same moment. An^larity or 
isubangularity of the grauis may eontribute to rapid m;elting. 

No arrangements for stirring the metal exist in most fi^rnaces.'^ 
The result of using imperfectly- graded sands is therefore the prp- 
ductiorfcpf “ metal ’’ of unequal composition, texture, ai\\ density, 
with consequent trouble in working. Clayey materials also tend io 
cloud the glass, and kaolin itself is highly refractory and formerly 
rendered unsuitable a sand containing it. 

The statement in an American publication (U. S. G. S. Bull. 
285, p, 454) that sand of diameter less than inch burns out 
in the batch, giving less glass, is not tborne out by British and 
Continental practice, where so much of the sand used is of diameter 
less than inch. Sand of 20 to 50-mesh, j^dvocated by American 
writers, appears to be coarser than British glasfe-manufactm’ers 
prefer to use. 

4. Angularity oj^ Glass-Sands . — The grains composing the 
sands in general use for glass-making».in Britain are either angular ^ 
or suban&ular in character. Sands containing rounded grains are 
not popular with some glass-manufacturers — indeed, angularity is 
preferred in England. The most obvious explanation of the pre- 
ference for angularity seeing to be that the grains fuse more rapidly, 
the process beginning at tl^e comers and edges, the surface-area 
being greater, “volui&e for volume, than that of rounded grains. 
Some (2 the Belgian sends are highly angular, having a sha^feel. 
Rapid pelting is desirable and saVes much time and trouble ; thus 
b(^h fyirnaces and sands are called upon to contijbute towards this 
-end, 

* In many wgrks it is (found that alkali dust an(f not silica is carried over 
into the flues and chokes them. Careful filling of the batch does much to < 
prevent the lofcs of fine material, but rajfidity of filling is essential. Dancing 
the batch has also been #ecommended. 
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Sfnds colnposed of rounded grains appear to be aftccessfully use<3 
for glass-making in America (see Plate lig. 2) ^ , 

irr certai-n works where table- war& and bottles made flint- 
glass iiaVe names and marks etched upon^thenf by ^nd-ljiast action 
the sand used in the blast as the abrasive is the same Fonfkineblean 
B^ian. Ajlesbm-y, or Lyn^ sand as that fitilized in making th( 
glass. Besides its ^narked angularity (so that its cutting pcs|^er ma} 
^b^ as great as possible), a sand* for etching should be hard anc 
tough. For common purpose a highly »iliccous, i. e. (^uartzos^ 
sand is suitable. must be peid‘(^ctl^^ dry and of even grade (not toe 
coa:j|^^ in order tjialf it may pass %eely' through flie fflnnels, etc. 
and not clog the^ jets and stencil upon the giuddeii release oi 
pres*sure. If water-valour is present the adiabatic expansion anc 
fall of femperaturc results fn its condensation, and clogging take! 
place. Some sands used for grinding g>late-glass are worked ai 
Leighton Buzzard ; others have beeft dredged froin the bed of th< 
, River Mersty. 

P^ariatiofl according to the linds oj^' Glass produced. 

For the commonest glass (bottle-wate, etc.) the mechanica 
analysis is of prime importance. The sand must be well-grade( 
and composed of suitably-sized grains. Greater latitude in chemica 
composition is permissible than with better-class glas:!^. Th 
s^Jica-percentage should still be fairly high, but low iron -content i 
•not so essential: it may vary up to 1 per cent, (as Fe OJ. Th 
presence of small ciuantities of titanium, aluminium, calcium, am 
alkalies is but slightly hai'mful. 

For a!l medium-class glass-ware, including the l)est bottles 
chemical ware, globes, cltimneys, pressed- ware, etc., both chemica 
and mechanical analyses are of great importance. High silica 
content (and for much laboratory-ware, etc., high alumina) am 
low iron-content are demanded. Other constituents, if present a 
adl, should be in minimum quantity. * Good grading is extremel 
desirable, and the size of grain should not fall outside the limits o 
0’5 and OT mm. diameter. * 

For high-class glass-ware «uch as optical glass, table-gia^ss (whic' 
is afterwards “cut”), and jother special glasses, the chemicc 
composition is of prime importance, and the mechanical analysi 
often, but not always, takes a seconc^ry rank. In the famoe 
cut-gf!as§ table-ware industry of the Stourbridge district, the bate 
is not at the present time ground fine, neither do arrangemeni 
exist for stirring the metal ; in consequence *the grade, as well s 
the^hemical composition, must be of a hi^h standard. For tl 
other ware mentioned, a high percentage of silica (and at time 
alumina) i« denytnded, and little or no iron should be presAi 
As the' batch is sometimes pulverized# and as stirring is occasional] 
adopted, the “ metaN’ being allowed to r^ain mc^ten for a lor 

** United States Geological Surr^, Bull. 285, 1906, page 454. See all 
Mineral Eeeo^oes, * Sand and Gravel’ for 1915 anijwarlier yearei. 
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EEQUIHEMENTS OF A GOOD G^LASS-SAND. 

period, crushed i’ocks and quartz, as well as poorly-graded sands, 
might be utilized. 

S\immary : Tine Ideal Olass-Sahd. 

^ A perfect “ sand ” i^ the geological sense, that is one compo^d 
entirely of grains belonging to one grade, whicln should ‘not be a 
coarse ohe, yields the best materia^ for glass-making, provided that 
tfe chenn'cal composition is suitable. As a general rule, rfor all 
kinds of ' glass- work the iron oxide (Fc^,) percentage should be 
low, always iinck'r 1 percent., th^ higher limit' being permissible 
only for glass for the eheajiest c’lass of bottles. "As already stated, 
the sand used for the best varieties of glass, such as optical glass, 
best flint- and sheet-glass, best Bohenr’aii glass, “ crystal table- 
ware, etc., should contain at the most only a few hundredths 
; '‘(‘02 to '08) per cent, of iron oxide. Alumina, magnesia, ahd 
lime may be ])reSent in sands in'the form of felspars, ferromagnesian 
and liine-bearing miiK'i’als, and calcareous cgment, but are required 
hnly for certaifl glasses. These bases 'are vervi refractoi^^ and 
lengthen the time takeidfor melting. Sands free from them ai’e 
preferable, both because fi’ie bases are required only fof refractory 
glasses, and then must lie added in larger quantities, and because 
the presence of mineiuls containing them in sand usuaby means 
also the '■fn’esence of a ])rohibitive quantity of iron. The 'specific 
properties of optical glass are alt(‘red by the presence of such 
impurities in the sand. 

It is found desirable, therefore, to rely u])on the sand only as a 
source of pure silica, and to add other bases for the purpose of 
making the various kinds of glass desired. 

The ideal sand for the best glass-makmg is one with 100 per 
cent, silica and composed of angular grains all of the same size, and 
of the grade known as medium or fine sand. ^ Such, a perfect sand 
has not at present been discovered, but the ideal is approached by 
a few sands, including those of Fontainebleau in France (99-'7 
per cent, silica), Lippe in Germany (99’8 per cent, silica), and 
Berkeley Springs in the U.S.A. (99-65 per cent, silica). Sands 
'from Lippo-and Berkeley Springs are described in Chapter XT. 
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CHAPTER VI. 

Beitisii Sands su^able foe Hlass-making^ 

• • . • 

^ 4^(4 Tables of ^hellnical ana me^ianicai analyses on jiages 154 to 
1 70 give an indication, in tlie light of what has been said before, as 
to flow far British sands may be used to replace ftiose imported from 
abroad. In the first plawe, •there does not appear to exist, anywhere 
in^the British Isles, a sand so suitable, from all points of view, for 
the making of 'the best kinds of ^lass, as those from Lippe an^« 
, Fontainebleau. Theliest sands fronf Aylesbury in Buckinghamshire 
and from Fairlight in Sussex are^equal to Fontainebleau^sand^and the 
sands fifim Huttons Ambo and Burythorj^e in Yorkshire, and othef 
places, are gertainly as good as much of t^ie Belgian sand imported. 

• Lym^sand, at its best, is also equal to much of the Belgian 
^naterial, and is superior to some of the Hutch sand. The same 
remark^^pply to Godstone and Reigate sands (Lower Greensand, 
Surrey), but the deposits are irregular. A large number of British 
.sands, especially dune- and shore-sands, are less jiure, but are well 
suited \o the making of common bottle-glass. Meclianical analyses 
of some re])resentative examples of these are given m the Tables 
on page»I65. 

I The writer is unable %> agree witli Dr. W. Rosenhain, who, in 
the Cantor Lectures before the Royal Society of Arts in 1915, 
said : “ In this respect [i. e., suitability of sands] glass-makers in 
England are unfavourably situated, since there are at present no 
^ery suitabl#^ands available in this country. Whether exhaustive 
search might lead to the discovery fff a suitable deposit is doubtful, 
because a large number of firms have alii^ady sought for good 
glass-making sands, and fin^ it difficult to supply even the require- 
ments for ordinary window (sheet) glass.” Necessity, ^jploration,* 
and experience under war-c(fnditions has resulted in the use of 
large quantities (# British sands for all kinds of glafe of better 
qualijby than window-glasst The sLftement is also an exagge- 
ration of the difficulties which existed liefore 1914. 

Analyses and notes upon some im^rtant toreign glass-sands a«e 
gi\%n in Chapter XL for purposes of comparison. A few mechanical 2 *^ 
analyses are graphically expressed in the curves of Figs. 10 and 11 
(page 50)^ . * 

No attempt has been made in the following pag^s lb tfeat 
exhaustively Britisl^ resources of cohimon sands suitable for dark 
bottle-making, ^uch supplies are abundant and aibiquitous, and 
caE be found at no great distaiwie from the works. i 

The des(^iptions are given under the heads : — Purely siliceous- 






*. ATLESBUET SAND. 6^ 

materials, including {a) sands, {h) crushed ro5ks ; B. Siliceous 
deposits carrying {a) alumina, and {h) ifluinina and potash 

A. PCEELY SlLICEOdS DEPOSITS 
{a) Sands. 

J “‘Aylesbury ” Sand. 

Worked by .The Aylesbuiiiir Sand Company. ManagV, Mr. *J. 
Arnold (Qffices, ii2 St. Paul’i^Iioad, Camden Tov^n, N.W. 1). 

•Mkps. — Geological : Old Serie^^ 1-inch, Sheet 46 S.*W. 

,, 6-incl]| Buckinghamshire, Sheet 

Sifi^diion.- — Lot. 51° 48' 22", Lomj. O' 52' 5" W, 

, The quarries occur .Tt Stone, three miles west of Aylesbury. 

sand is alsq expostnl in the “ Windiiiill ” ])it, hut is not workejil 
there to any extent., 

Foni^af[oii . — Lower Greensand. 

Des(^'iptio]f . — Whfte seainsfof pure sand, suite i)le*t“or IMnt-gla^ 
work, extend fo a depth of about eightein feet. Working is then 
stopped by* water. J^eaty and •ferruginous hands occur, and since 
the ^ams of white sand are not very thick (four to six feet) or 
.persistent, working is rather difficult. It is not easy to ensure that 
successive consignments conform to the highest standai^tof purity 
^et with, and variiihility is abhorred by glass-makers. The 
whiteness and purity may he connected with the peaty bands. 
The colour is good, the best Aylesbury sand being better than 
Belgian, and selected samples being e(pial to Fontainebleau sand. 
Washiifg does not improve the colour of the best sand to any 
extent, but a second-quality sand, washed free from liwionitie and 
>clayey pellets (in rotary washing-plant), is also supplied. The 
latter sand is pale grg}", but reddens slightly on burning, whereas the 
former shows little or no change. The chemical composition is as 
follows : — *• 



Best 

Washed sand 

Bulk 


sand. 

as deliver^. 

sample. 

SiO., 

. ^9*80 

99'39 

98-76 per cent. 

Alfi, 

0-32 

0-48 

0-37 

PejjOa 

^•03 

0-02 

0-03 

CaO . . 

n. d. 

n. d. 

0-17 

MgO 

n.d. 

,n. d. 

0-10 

Na,0 

n.d. 

,n. d. 

none 

K,0 

n. d. 

n. d. 

0-04 

Loss on ignition 

0-22 

* 013 • 

(i-33 

Totals . . . 

100-37, 

100-0? 

99*80 per ofent. 


The evtnness/of grade is a marked feature, the sand, in^this 
respect very closely resembling Jfontainebleau (se^ Plate III. 
figs. 1 & 3). The mechanical composition is as follows 

^ Sections marked thus deal with sands and wmks which are also of use 
Aji refraOtotf materials. 

‘ ' E 2 , 
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>0‘5mm., few grains* only ; >0*25 & <0*5, 78*3 % ; >0*1 & <0*25. 15*0 % ; 
'>(5^01 & <0*1, 5*8 % ; <'0*01, 0*9 %. Total sand-grade, >0*1 
93*3 ‘ ’ 

*r^ MS FS* _ ^S 1 

Ltr.’ '^8*3’ 15*6’ 5*8’ oV 93*3'J 

The (letrital iniiiei'a] suite is very (Characteristic^ of tlie Lower 
Greensanfl throu^'hout ^ Eiiglaiul. • Heavy minerals are' fairly 
abu^hdant to mm. diameter),, and the residue consists 

almost entirely of coarse, anguliir kyanite, staur 9 lite, and brown 
and blue' tourmaline, together wi^i iron ores (iiia^ietite, 'limc^njjiy 
and altered ilmenite), zircon, rutile, etc. 

The sands, after being carted to Hartwell Siding near Aylesbury 
Station (G C. Kail way), were ])ut on tlu<ks, before the war, at 
7s. 6(/. per ton. At the tin^ of writing the jiriee is Kb*. This is 
fafher high, and fndght charges rncrease it to about‘15<v. or IT^. 6r/. 
by the time it reaches a glas'j-tnaking district as far distant as 
London qv Yoj'ksliire. 

*The estimated (quantity a^ailable in the area i'.s two hiillion 
tons 


§ Sands from Fair light and Hastings. 

(1) FAftfLTGHT. 

Worked occasionally for sand, Milward Estate (Agent: Mr. G.' 
E. Barr, 28 Havelock Kd., Hastings). 

Maps. — Geological: Old Seri(‘s, 1-ineh, Sheet 5. 

6-inch. Sussex, Sheet 5S S.E. 

SHuafion . — Lat. 50° 52' 30", Lotuj. 0 ^38' 36'’ E. 

The ])it is situated by the roadside, close to, and immediately to 
the south of, Fairlight Church, east of Hastings. 

Formation. — Ashdown Sands (Wealden). 

Description. — The bed of snow-white sand occurs a]^the base of. 
the Ashdown Sands and immediately above the Fairlight Clays, 
of which a s])lendid sucpession is exjiosed in the cliffs below the 
Church. Glass-sands were recorded as having been worked at 
flastings long ago t ; they were doubtless sands like those exposed 
in this pit, and in that at Bulverhyth described below. The 
association (^f lignites with the Ashdown and Tunbridge Wells 
Sands has been recorded by Topley X others, and the reducing 
action of the vegetable matter probably accounts for the freedom 
frctm ferruginous compounds. Fairlight Church stands towards 
tdve eastern end of a strong sandstone ridge overlooking Hastin^gs. 
For two dr three miles this ridge has, as its backbone, the white 

Ashdown Sands which are mentioned above. In an old quarry 
c ^ ^ . 

In each case the estimate of the resources is by the writer, and is to be 
taken as well within the upper limit. *■ • 

f Mineral Stati^ics : Merifoir Geol. Survey, 1860, p. 375a 
i W. Topley, The Geology of the Weald,” Mem. Geol. Survey, ISIfS, 
page 395 ; Ashdown Sand^ pages 59, 80 ; Tunbridge Wells Sands, pages 78, 
85, etc. 
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FAIRI^TGHT AND HASiINGS SANDS. 

- • 

about a quarter of a mile west of the Churclif a wall of about 

twelve feet of white sandstone, not bottomed, is shown over^aboub 
a 4.un(J.rect yards of quarry face. *\%a ter ^stands in tlie quarry. 
The deposit is well jointed and bedded and easiK workable. Only 
yiree to six feet of valueless overburden o<^‘ur above the Miite saids 
in thii OUureh pit. The be^ls yield a firm solid face, mtiny of 'the 
joints bein^ superficially dirt-staiiu'd. A sample, whicti is almost 
as ptire in colour as Fontainebleau sand, Ifurned up sli^’htly j^jnk. 
Its chemical oomposition is fs follows : 


«Si(5 , 

41 , 6 , 

Fe,0, 

Cab 

MgO 

Loss on Ignition 


99-47 per cent. ’ 
0-24 
0 • 0()2 
0-29 
trace 
• 0-20 


100-202 per cent. 


Thc^ high ^lercentage of silica and low ])eret?iitage of iron fti’e 
noteworthv. This sanqile >i'as not fntentionally selected, but 
happened^to be very low in iron. Aiafther .sanqde from the same 
hecrcontained 0 Olb per cent, of iron oxide. 

The^iiechanieal analvsis shows : — 


^ >0-5 mm., none ; >0-25 & <0-5, 83-7 y ; >0-1 & <0-25, 16-1 7 ; >0 01 & 
<0-1, O'l % , <0*01, 0-1 y. Total sand-grade, >0-1 mm., 99-8 > 


pMS FS ^ _c SI 
L83-7’ 10-1’ O-l’ 0-1 ’ 99-8J 


Washing would doubtless improve the de])osit botli chemically 
and mechanically. 

The mineral eogiposition indicates the presence of a few stable 
heavy detrital minerals in very small (piantity, the proportion of < 
’ density greater than 2'8 being only U'Ol ])er cent. The heavy 
residue is rather fine in grain, and the assemblage of minerals 
uninteresting- All the readily decomjxisafele compounds have been 
eliminated before or sineg deposition. A little magnetite occm;s, 
and linionite in small quantity is .seen, llmenite abundant 
(0’2 mm. diameter), but ]?ractically always altered ^to leucoxene. 
Brown tourmaline (0T5 mm.) is plentiful, and zircon (OT mm.), 
recfcdish rutile (OT mm.) >1x1 mu.scojite (flakes 0*2 mm. diameter) 
occur. n ^ 

The most serious consideration is thaif of tfan sport. A ^ood 
i^d links the pit to Hastings, the St|,tion (L. B. &, S. C.“sniTd 
S.*E. & C. Kailways) and qus-j being four miles distant. , The road 
is, however, downhill all the way, and motor-traction should be 
<iConomically possible. The saryi might then snipped at 
Hastings. An alternative Suggestion is that of taking the sand 
eastwarejs dow%i to Clifl-End, near Wilichelsea,* and shipping it 
ifrom there. The nearest station to Fairlight is actually Ore 
(three imles), but it is badly situated m a hollow with a steep 
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gradient fi’om the pit. The proximity of the London market ahd 
,thQ possibility of water-ti’^nsport to an even greater distance are 
noteworthy. 

The available rQ^onr^ies are over fifteen mRlion tons. 

(2) Bulverhyth, west of Hasttnos. 

occasionally ^or sand, Filsbam Estate (Agent: Mr. T. 
Wr' Ellwonthy, 81 Londoil Kd., St. Leonards). 

Maps. — Geologjcal: Old Series, Lbic'h, Sheet 5i- 
(5-inch, Sussex, Sheet >1 N.W. *' f 
Situation. — Lat.^W 51' 0", Lour/. 0*^ 32' IS "lE. 

The })it lies by the side of and noi*th of the main roaA trom 
St, Leonards to Bexhill. It is situated If^ilf a mile west-south; 
west of St. Leonards (W^st Marina) Station (L. B. & S. C. 
Si^ilway). . ' 

Formation . — Ashdown Sands ealden ). ^ 

Descriptioi'k — ^[Hie great thickness'of overbfirden (:tbout oO feet), 
consisting of brown sand:^ silts, and clays, renders*' douhtiul tlie 
profitable working of the f(tw feet of^ white sands at the base. Tlie 
^strata dip to the north into the rising ground, so that slat’low' 
excavations farther nortlnvard are unlikely to reach the bed. 
The groun4.faIls towards the west, and, on the op]>osite sid^*of tlie 
small lane which runs northward by the western end of the pit, the^ 
glass-sands crop out at the surface. Although they do not a^^pear 
to be so pure here, improvement might be seen as they are worked 
inw^ards. The wdiite sand is similar in chemical and mechanical 
composition to that at Fa irlight described above. The i]*on -Content 
is 0*04 per cent., and the grade-analysis is xs follows : — 

>0*5 & <1 mm., 0‘8 % ; >0-25 & <0*5, 77-9 % ; >0-1 & <0’25, 20*3 % ^ 
>0*01 & <0‘1, 0-5 % ; <0*01, 0*5 %. Total sand-grade, >0-1 mm., 
99*0%. 

res MS _FS H c S ~| 

Lo* 8’ 75r9’ 20*3’ 0-5' 0-5’ 99-OJ 

* The min^'Al composition is also similar to that of the sand from 
Fairlight, but the heavy crop is distifictly coarser in grain. The 
most commow minerals, in order of abundance, are ilmenite, altering 
to leucoxene, grey-brown toufmaline (O'l mm. diameter), foxy^ed 
and, less commonly, yellow^ Vutile (OT to 0'25 mm.), zircon in 
pinkish, purple, bvown, ^nd zoited crystals (0*1 to 0*25 mm.), and 
OKSECOvite flakes, the average diameter of which is about twice thet 
of the other grains, » 

The pif is favourably situated for transport, being at the side of 
a maft read, ^nd only a quarter of a mile from Welt St. ^eonarda 
Station (S. E. <& C. Kailway). ‘Small quantities of the white sand 
have been carted ^fo the station for despatch. 

The available resources are under a»raiUion tons. 
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§ Sand from Ashurstwood, near East Grinstead. 

^ot.a1i ^)resent bei^ worked. 

Owner. — Mr. A. Hastie, 65 ‘Lincoln’s Ini#Fiel(^ W.C. 2. 

Maps. — Geological : 6ld Series, l-incl)g Sheet 6. 

• • • O-inph, Sussex, Sheet 5 S.W. 

Situation. — Xat. 51° 6' ^0'\Long. 0° 1' 15" W. 

Lirge excavations at Ashurstwood, particularly in Ch^ry Gasden, 
north and north-west of th^hurch, south-east of Eask Grinstead, 
yield evidence of extensive eiirty working. • ^ 

^Tunbridge Wellf? Sands (Wealden). 

• Description. sand stands up in hriw faces and blocks, 
suffickntly so to be desci^bed as a soft sandstone. The comhined 
•effect of weathering ancl excavation is to yield picturesqtie “ rocks,” 
the creamy-colour of the sand being fubdued upon the weather#^ 
surfaces. A considerable thickigess is indicatid. Some^ of the 
seams ^are ferruginous, and ^ washing would doubtless improve 
the whole deposit. 

Samples of the sand, creamy-white hi colour, turn browner on 
burning. • The chemical composition is^s follows : — 


SiO, 

ALO 3 

Fe.Og 
Cab ‘ . 

MgO 

Loss on ignition 


98‘77 per cent. 
0-73 
0-01 
0*14 
trace 
0-43 


Total . 100*08 per cent. 


The sand is small in grain, 
indicates : — ^ 


and the mechanical analysis 


» >0'5 mm., a^few grains only; >0*25 & <0*5, 9'8 % ; >0T & <0*25, 85 5 ; 

>0-01 &' <0-1, 2-0 % ; <0*01, 2-7 %. Total sand-grade, >0*1 mm., 

95*3 %. 

res A — 1 

Lt^T’ 9-8’ 85-5’ 2-0’ 2-7’ 95*3 J 

• 

The heavy residue is abundant and fine-grained, Amounting to 
0*24 per cent. It consists largely of zircon, yellow and foxy-red 
rutile, ilmenite, and tourmaline 0 ^ about O'OS mm. diameter. 
Although tjie crop is abundant, tlie min«*ral a»semblage is €iot 
interesting. Muscovite (flakes 0^5 to 0'6 mm. diaKi*), 
glauconite, and yellow anatase^lso occur. 

The piis are- situated about two miles from J 
Station ^d a mile and a half from Forest Row 
Railway). There is a goodToad connecting them, 
to London, aboiit thirty miles distant, might also i)e possible. 

• The available resources are over fifteen million tons. 


Cast Grinstead 
(L. B!&%. C. 
Road-traction 
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§ “Lynn” Sand. 

u 

(1) 'forked bj" Messrs. -Joseph Boam, Ltd. (Offices, ^dver 
Street, Leicester^. (\iee f'late VI., and aUb Plate IV. dg. 6.) 

-*-Gleological : Old Series, 1-inch, Sheet 65. 

, 6-inch, Noriolk, Sheet 33 S.E. 

Situation. — Lat. 52° 44' to 52^ 45^ Long. 28' to 0° 29' E. 

The ^and is workecL over an extensive area at Middleton and - 
Gkyton, Jiiiree miles east of K^g’s lynn, and numerous scattered 
quarries occur. ^ ( 4 

Formation. — Sandringham Sands (Lower Gret^nsand). 

‘ Description. — T^^e deposit is fairly persistentrand thick, so that 
large supplies of sand running true to sample can be supplied. 
Little variation occurs in successive cdnftignments. The sand js 
won for foundry-work, glags-making, building- purposes, etc. ^Lhe 
‘rfd sands are used for the last-named purpose and also for the 
making of black- bottle glass. ^In considering the sands'su^ble fort 
general qglass: making, it is to be noted that' the colbur of the best 
'Lynn sand is equal to tlajt of the Belgian, but 1110^ of the sand is 
rather darker, three qualities, besides a washed and a double-washed 
sand being sui)plied. Kotary washing-plant is employed. ^ The 
washed sand has a pale grey to brown colour. The iron -content is 
rather higher than that of Aylesbury sand, and on burnii^g there 
is a marked change to redder or greyer tints. The chemical 
composition of the best sand is as follows : — 

SiO , 99’23 per cent. 

A1,6, -59 

Fe*0., -04 

CaO - 111 - 

MgO . -02 

Loss on ig^nition ‘25 

Total . 100-24 per cent, 

'Note , — A duplicate determination of the silica and also of the alumina 
carried out as a control gave the figures 99'20 % and 0*56 % , respectively. 

" In mec||ianical composition the sand is seen to be well-graded, 
but rather coarser than either Ayle4^bury or Fontainebleau sand. 
The curve ^presenting its composition in Fig. 11, page 50, is there- 
fore sympathetic with, but io 'the left of, those for Aylesbury,j,ptc., 
sands. Typical analyses yie^d the following results : — 

>«»-5 & < 1 mm., We;'"> 0*25 & < 0*5, 94-8 % ; > O'l & < 0*25, 4-9 % ; 

>0-01 & <0-1, 0-2 % ; C'O-Ol, 0-1 %. Total sand-grade, >0*1 & <1 

99*7 ‘ 

F MS FS _8 c SI 
[ 94 - 8 ’ 4'9’‘0'2’ 0-1’ 99-7*J 

From the pohnt of view of glass-making, the I'einarkably good 
grading of the sand calls for special note. Although not so Mw 
in iron-content as some other British sands, it is certainly the 
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most even in grain, and for that reason has bten prefen’ed hy 
certain glass-manufacturers on account of its rapid melting. 
Thfce remarks apply particularly to* tl^ sand from the pits near 
Middleton Station (Q. E. Railway)., luis saiid i^washed to remove 
cj^yey and ferruginous * matter, a'nd a new wasbtn^.'apparal^s 
(Rikof s* pattern) has recently been instSled (see page 122 and 
* Plate VIL). • 

ThI sands become less pure and more tel»pathic in the ai*ea near 
Gay ton Road .Station (Midfend & G. M Joint RailwJJ^’'). Tltey 
are worked to a krge extent .f^r pale.hottle-maj^ing, and are also 
ol«fP6asiderable i%se for furnace-hearths. A chemical Analysis of a 
sample of one of #liese sands is as follows : — 


SiO, 

97*34 per cent. 

Al.O, 

1*34 

.TiO,, 

4race 

re,(^ 

0*19 

CaO 

0*09 

MgO 

trace 

K,0 

0*37 

Na.O 

tiflce 

Loss on ignition * 

%7e. 


Total . , 100*09 per cent. 

i'he mecimnical analysis of the same sample indicates : — 

' >0*5 I <1 mm., 0*5 % ; >0*25 & <0*5, 95*1 % ; >0*1 & <0*25, 2*7 % ; 
>0*01 & <0*1, 0*8 % ; <0*01, 0*9 %. Total sand-grade, >0*1 mm., 
98*3 % . 

^ ?? A ^ 1 

Lo*5’ Sst’ 2*7’ 0*8’ 0*9’ 98*3J 

Greenish seams ^f glauconitic material are not uncommon, but 
as the glauconite (silicate of iron, aluminium and potash) is usually , 
* present as a -coating to the grains of quartz, washing improves the 
sand considerably. 

The mineral composition indicates ratlnsr more felspar than in 
' the dther Greensand deposits discussed (note Al^O^ percentage i^ 
■chemical analyses). The heavy detrital mineral fs«emblage is 
I kmilar to that of the Lowe/ Greensand generally, hut, in addition, 

■ -occasional garnets are found. 

The residue is a coafse one, th| grains averaging 0*2 mm. 
diameter. . The sand is extensively used for general glass- \rark, 
including window- and plate-glass, lahorat®ry-ware, incandes^ffit- 
.yiiap globes, chimneys, white and coloured bottles, etc. Jt ha^f^fee 
great advantage of being cheap. . 

The p»ees oi^ the sands put upon the market are as follows : — 
Brown Sand 3«. (jd. per ton. Unwashed White Sand 3«. Qd. per ton, 
Washed Sand 6s, ijd. per ton, Double- washed Sand 6s. per ton. 
Specially Seleclied and Double-washed S^d 8s. p^r ton, F.O.R. at 
Middleton Station (G. E. Railway) or Gay ton Road Station (Mid- 
land <fc Gi^J. Joint Railway). 
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The washed ^nd is from the Middleton area, and the unwashed 
near Grayton Koa4 Station, but further washing is being 
contejnplated. 

^ (2) Worked bv Messrs. Gay & Wilson (Managing Parti?,er, 
Mr. G. W. Smart). ^ ‘ ' 

Mopf.— Geological : Old Series, 1-incli, Sheet tlo. 

. 6-ineli Norfolk, Sheet' 83 N.E. 

Sihiation. — Lat. 52'HG' 0", Lon^. 0° 29' 0" E.‘ 

Formation. — ^andringham Sam^Si (Lower Grcfonsand). 

Fescriphon. — The quarries occur immediately north-\^e!fi of 
Bawsey Signal Box^, about a mile noi-th-east of Gftyton Boad Station 
(M. &G. N. Joint Bailway). The description given abovvj applies 
equally well to tliese dejwsits, except thaf the sand is on tlie whcde 
rather finer in grain and contains more iron (0T6,per cent.). The 
results of mechanical analysis ^re given in the Tables on page 163. 
The pits reveal a tliirty-foot wall of sand (at tiiiies ap|U‘oaching* 
forty fost wjier^‘ excavations have ‘Been mjtde in fhe floor of the 
’'pits), in i)laces rather regular in quality, capjjed by Glacial Drift, 
which occasionally forms ^pockets. '' * 

The sand is used to a considerable extent in the Yorkshire district 
for bottle -making, and also in the manufacture of soap. It is pui? 
on truck^t Bawsey siding, Gayton Boad Station, at fronP 2s. 2d, 
to 3s. per ton, a better quality also being selected when desirad 
and supplied at a cori'espondingly higher price. 

The available resources in the Lynn area are at least three 
hundred million tons. 

§ “Leighton Buzzard” Sand. 

‘ » 

Worked by (1) Mr. Joseph Arnold, (2) Mr. George Garside, 
(3) Mr. Gregory Harris. 

Maps. — Geological : Old Series, 1-inch, Sheet 46 N.W. 

6-inch, Bedfordshire, Sheet 28 N.E. 

Situation. — Lat. 51° 56' 15 " to 51^57' 10", Long. 0° 38' 20" 

. "to 0° 39' hO*' W. 

The sand is worked over a large area north and north-east 
of Leightoi/Buzzard. Numerous quarries and old workings occur 
(Mile Tree, Shenley Hill, S^ne Lane, Chance’s Quarry, etc.).* 

Formation. — Lower Greensand. 

*Description.-*^Th.e Kle}X)sits are worked for a variety of pur- 
1^6, g4ss-making beii^ subordinate. 

Both ghemical and mechanical Compositions vary considerably. 
The coarse sands are supplied for water-filtratioisi plants concrete- 
making, ‘ gi-kiding, etc. The highly fenmginous sand is used for 
building, and most of the pale-colourdd medium-grained sands are 
worked and washed by a ‘fotary method for foundry purposes, parti- 
cularly in connexion with steel-casting. This is on account of the 
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e. 

higlT silica-percentage, there being very little feJspar. For the 
greater part the sands are neither so pure^nd^free from iron nSrqi 
so‘fi%e a gra^e as those of Aylesburj ; aij? therefore no^; so well 
suited for good glass._ •They are used for tne making -of .pressed 
glass and laboratory-warb. The iVon-st^ining is patchy in 
occurre\ice,, and the pale sands are thus inp® rsistent. The whitisn 
sands are again associated with peaty hands. . 

The*ch’einical composition of some of the«samples of glass-sands 
is as follows , 


•ft • 

“(1) 

(2) 

(3) 

’ (4^ 

SiO, 

99-0.=i 

99 •.'■)9 

90*77 

99*.58 per cent. 

ALOj 

0-23 

0*2:) 

1*77 

0*27 

Fe‘0/ 

O-H « 

0*21 

0*27 

0*03 

•CaO 

0'31 

n. d. 

0*15 

0-22* 

MgO 

0*08 

n. d. 

0*03 

none 

K,0 

jione 

iionfL 

0*00 

^ none 

Na,0 . * 

none 

nono 

0*02 

none 

Loss on ignitioD 

ft ft) 

(k31 

^0 27 

0*03 

0*13 

Totals . 

100*12 

100*32 

?00*24 

100*23 per cent. 


ft 


(1) Arnold’s pits, washed. 

(2) „ ,, unwashed. 

(Ij) ,, „ a fine grade. 

(4) Garside’s pit. 

For the most part, the sands ai’e coarse, jiassing into tine quartzose 
and cherty gravels. The latter are screened and used for abrasive 
purpose^ including the grinding of plate-glass. Seams of fine 
white and grey sand occi^r, but are not common. 

The whitish and pale yellow sands supplied for glass-making are 
rather coarser than manufacturers like. A typical meclianical 
analysis is as follows*; — 

• •. 

> 0’5 & <1 mm., 24'6 % ; >0*25 & <0'5, 74'3 / ; >0'1 & <0'25, I'O ; 

>0'01 & < 0-1, less than 0*1 % . Total sand-gra(%, >0'1 & ^ 1 mm., 99*9 . 

• 

res FS 8 _S 1 

L24'6’ 74-3; 1-0’ b-l ’ 99^9‘J 

The mineral composition's like that of Lower Greensand deposits 
generally. The description of the minftral assemblage of Aylesbury 
sand applies here. • » , • 

The sand is put on boat upon the Grand function Canal, or on 
truck at Leighton Buzzard, at,Gs. per tciti (Arnold), and 6«.m 
per ton (Garside). • 

Tbe avaflable Resources are at least five hundred million ton» 
The Lower Greensand of flitwi^k (pit one-third mile north of 
the railway station, worked by Mr. Joseph Arnol^ is similar, but 
lees pure. Analyses of this sand are given in the Tables on pages 
1^6 and 168. 
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§ Sand fiv)m God stone, Surrey. 

. 'Worked by Messrs. Good wyn & Sons, Granville Chambers, 
Portman Square, London, W. 1 (owner Sir W, K. CLyton, Bart.). 

Jlfc/'yjs.— Geological : Old Series, 1-inch, Sheet 6. 

6-inch, Surrey, Sheet 27 S.E. 

SituUion. — Lat. 51° 15' 0", Long. 0° 4' 0" W. 

The^pit revealing the whitest sand occurs half a mile north- 
west of Godstone CMrch. 

Fonmtion . — Folkestone Beds (Lower Greensand). 

jDescription.x—Tha whitest and' best glass-sands occur as irregular 
patches in beds more iron-stained. No great' sup})ly of ^andard 
material can the.fefore be guaranteed, an unfortunate fact in ‘view 
of its proximity to London and the Tliames area. The pit is also 
some distance from a railway station. Sand has been sold for glass- 
making, but never in quantities of more than 90 tons a week*, an 
lamount hojieleiely too small, e Tlie bulk of the deposit, consisting 
mainly of the up})er beds, is worked for building-purposes, ana 
some [.robaibly readies London and is sold as silver-sand for soil- 
dressing and scouring purposes. The lower beds were used for the 
manufacture of glass. 

Of the sands suitiible for glas.s-making the colour is ^y;:^te to 
faint yellow, at its best almost ecjual to that of Fontainebleau 
sand, dt changes to faint pink on burning. Washing would 
probably improve slightly some of the second-best sand, wh-cb 
would then serve for white bottle-work. The chemical .analysis 
yields : — 


SiO, 

. 99’ 56 per cent. 

A1,0, 

0-26 

Fe‘0, 

b’OG 

Loss on ignition 

0-24 

Total 

. 100*12 per cent. 


From the point of view of glass-making the grade-analysis is 
good (Plate III. fig. 4). It is as follows : — 

>0-5 & <1 mm., 0-6 %'; >0*25 & <'0-5, 73-0 % ; >0'1 & <0-25, 25-7 % ; 
>0'0H <0-l,0-2 % ; <0-01, 0-5 %. I'otal sand-grade, >0a & <lmni., 
99-3 %. 

res MS FS c 

Lo-6’ 73-P’ 25"7’ 0-2’ 0:5 ’ 99-3' J 

In mineral composition thj? sand closely resembles other deposits 
Gf the same age, such as those from Aylesbury, Leighton Buzzard, 
^L^^nn, etc., described. oThe list of minerals and description tnere 
given l^pld good for the Godstone* deposits. 

3^he price is Gs. ijd. per ton on truck at daterham Station 
(S. E.'& Oi Kailway). 

§ At Oxted and Lim^sfield in Suirey, about two to three miles 
east of Godstone, and at other places along the outcrop, the same 
sands (Folkestone Beds, Lower Greensand) are rath^ coarser in 
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CWDSTONE AND REIDATE SANDS, 


character, the mechanical composition (see Table on page 163) 
resembling that of Leigliton Buzzard saiui More iron is present,, • 
and’hitte sand's burn redder, but they vvoi^Jd be suitable for bottle- 
glass Work. The minerarcomposition -is again lypioul of the Lower 
Greensand. * ’ ^ ' • o 

Sands of the same age (Low*er Greensand), but rather less pure,’ 
occur at^Westerham in Kent and ait other localities near. 

Similar sands occur in the Folkestone i^^ds ( Lower Gn'ieiisand-^ 
in Sussex, e. y, near the village of Rogate. Tlie overbuiden is, 
•however, great, and ithe sands frtHjudntly contain jvitches of 
calcareous material. 

3 '' 

§Sand from Reigate, Surrey. 

Worked (1) Goods Uoatl iht : by Mr A. B. Apted, Goods Road, 
Reigate; (2) Rai^v Lane Pit: Agent, Mr. H. Sims, Old Town < 
Hall, Reigate. n a 

Jf 7 j;.s‘.-'^Geologlcal : ^Id Series, 1 inch, Slieet S. 

'c 6-inc‘h, Surrey, ^Sheet 31 N.E ' 

Situation. — Goods Road Pit. Lat. ol 11 2-) , Louff. 0’ 11 
0 " W. ; Park Lane Pit. Lat. oH 11' o' ;*Lon<j. (f 12' 15 " W. 

Th^);maller i)it, in Park Lane, is situated about one-third of a 
nftile sout)i-west of the Castle, and the larger. Goods Road Pit, 
occurs by dhe northern side of tlie railway half-wa 3 "between'Reigate 
and. Redhill. 

Fornhation . — Folkestone Beds ( Lower Greensand). 

Descript ion . — The Reigate sand is similar in age and character 
to that at Godstone, but the purer parts are of greater extent. 
The iron-staining is distributed in patches, but is never so serious 
^'as to prevent the sand being worked for second-quality glass 
(sheet-glass, pressed ware, laboratory -wai'c. etc.). Tojdei’', in the 
“Geology of the Wea'M,” stated (page 111) that Reigate sand v^ns 
u^ed for glass^jiiaking. The best seams of sand are equal in colour 
to Fontainebleau sand. The presence of calcareous inaterial in 
places will probably necessitate washing. The cliemical analysis 
is as follows : — 


SiO, 

98*93 ] 

ALO;, 

0*G7 

Fe,p3 

0*02 

CaO 

trace 

MgO . 

ifone 

K,0 .. 

ti. d. 

Na,0 

» n .d. 

Loss on ignition 

0*28 


Total ’ 99*90 per cent. 


The mecRanical analysis indicates : — 

>0*5 & <1 mm., 2*7 % ; >0*25 ^ <0*5’, 79 % ; >0*1 & <0*25, 14*5 % ; 
>0*01 & <0*1. 1*8 % ; <0*01, 2*0 %. Total sand-gjade, >0*1 mm., 
96*2 %. ' 

- « res MS ^ 0 _s_ n 

L2*7’ 79*^0’ 14*5’ 1*8 2*0 ’ 9^2’J 
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The grading fes i*ather variable, a gradual passage from coarse to 
■fine^ands being frequently observed. The mineral composition, is 
typical oof the Low^r Gi^serisjind. The sands should’ be w^tked 
'^Vith cai’e^both from the point of view of gmde and of iron-content. 
That th6 aA'^ailable resources here are very great is indicated by ;the 
abundance of caves throughout the lieigate area. Large quantities 
of cream-coloured snnd have been removed from these excavations'. 
D/)ods Ifoad Pit shows a 40-foot iace of sand. ‘ 

‘ Fromihe Poods RoAd Pit, selected fine silver sand is put on 
truck at Redhilh Station at.O.v. vpei\ ton (unwasheil). 

The avahable resources in the area are over oi«,e hundred inLlion 
tons. 


§ Sand from Aylesford, Kent. 

t. 

Worked by ]^r. Silas Wagqb, Aylesford. 

Maps. — Geological: Old Series, 1-inch, Sheet 0. 
u ^inc'h, Kent, Sheet 31 S.W. ^ ^ 

Situation. — Lat. 51° 18' 25 ', Long. 0° 29' 0" E. 

The pit exhibiting theewhitest ^.and lies immediately north-east 
of Aylesford Church. The Nickle pit, a quarter of a mile w^'ist of 
the church, contains rather yellower sand (worked by the Nicopits' 
Sand CoiGpany, Ltd.). 

Formation . — Folkestone Beds (Lower Greensand). 

Description . — Whitish sands with a northerly dip are covered' 
in one pait of the pit by the red feiTuginous sandstone known as 
•carstone. About tw'clve feet of the sand are worked, but the 
floor of the pit was covered with water at the time of ‘-writing. 
White chalky matter is often present. * The geneml characters 
nre similar to those of the other Greensand deposits desenbed. 

The colour is pale gi*ey to cream, but the stuad burns up pink. 

The chemical analysis of the best sand is as follows^: — 


SiO., , 

Al^O, 

Fe^Oa 

CaO' 

MgO 

K..0 

Na,0 

Loss on igrftion 

i 

iTotal . * . , 


99‘06 per cent. 
0-56 
0-04 
^ 0'17 
trace 
0-26 
0-11 
*'•22 


. 100‘42 per cent. 


The gi-ading is good, h mechanical analysis being as follows “i — 

>0*1 1 f I mm., few grains only ; >0*25 & <0-5, 83*7 *% ; >(P1 & <0*25, 
16*0 % >0*01 & <0’1, 0'3 % ; <0*01, none. Total sand-grade, 

>0‘1 & <1 mm., 99-7 %. 

res MS FS ^ 1 

’ 83*7’ 16'0’ 0-3 ’ 99-7‘J 
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Tffe mineral composition is that of the Lo^er Greensand 
generally, tourmaline, staurolite, and kyanite being large and 
consj^cuous ’in the heav;^ mineral crop.’ |t«, | • 

The sand is supplied on^ship upoir the Medwa}^ at A 3 desf ord at 
8^. J3er ton, and on truck at Aylesford Station (S. E. & C. Eail* 
way) at 9a. *6^?. It is used fpr hottle-making at Queenhorough, 
hut would^ be of seVvice for better^glass. 

• The Available- resources are about five million tons. 


^ JSand from polliughourne and Bearsted. 

]^t at present bting worked. 

Maps* — Geological: Old Series, 1-inch, Sheet G. 

• 6-inch, Kent, 43 N.W. 

Situation, — L»i. 51° 16' 0 ", Long. 0°^5' 30 " E. 

The chief ^excavatiows, in the forin|3f caves, lie ntiirly half a mile* 
?ast- south-east of Bear^^ed Chuiyh, and one mile south-east of the 
railway station. « 

Formation . — Lower Greensand (Folkesif^ne Beds). 

Description , — Sands were stated to haf’e been worked formerly 
*at B^lrsted, Hollingbourne, and Aylesford*, for making the 
dbmmone^ kinds of glass, “about 1000 tons being annually shipped.” 
The cav^s at present existing at the first two localities ilt^stify to 
tltt extent of the former working. The sands are similar in 
<5hai’act(ii' to those of the same age at Aylesford, Godstone, and 
Keigate, the caves being very similar to those of the last-named 
place. The sand is cream-coloured, turning after ignition to a 
browner lint. A chemical analvsis yielded the following result : — 


SiO^ 

ALO,, 

Fe ,03 

CaO 

MgO 

Lobs on ignition 

Totai 

Alkalies absent. 


99*25 per cent. 
0*31 
0-04 
0-09 


none 

0-31 


100*00 per cent. 


A ijiechanical analysis yielded the following figures 

' >0*5 mm., none; >0*25 & <0-5, 94*6 % ;,>0*1 & <0*25, ^4*2 % ; >0-01 & 
^0*1, 0*8 % ; <0*01, 0*4 %. Total sand-grade, *>0*1 mm., 98*8 %. 

?? ^ "I 

L94-6’ 4*2’ 0*8’ 0*4’ 98*8' J 

The mineral composition is^imilai*to that of the Lower Green- 
«Rnd generally (see pages 50, 54-59), the peixjentage oj heavy detidtal 
• — - — •- - — - - — — ■ 

» Mineral Statistics : Mem. Geol. Snrv, T860, p. 374. 
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minerals of denatj gi*eater than 2*8 being 0*026. Large kyAite 
. (0*4^mm. diameter), stagi-olite, and tounnaline grains (0*2 mm.) 
are abundant; ilmeuite, ^ircon, rutile, and limonite**(0*l mn.) 
are common, anil flaices of muscovite mlba (0*6 mm*) arer also 
^sent. •* ’ * 

• The s»nd requires to be carted one mile by road to J;be nearest 
station, Jlollmghoiirne (S.K. & C. Riuhviiy) ; Brnrstend Station 1 .% 
a tout tivo miles awa riy road. * . 

•The a¥aiJabIe iesoui*c8s in this dmtrict are ove^ twenty million 
tons. ' 

Lancashire S..nd. 

Worked b}" a considerable number of glass-manufactuiers and 
sand-merchants. 

Maps . — Geological : Old Seres, 1-inch, Sheet 89 S.W. 

G-incii, Lancasliire,*' Sheets 92 N.'E., S.E. ; -100 N.E., 

^ S.E. ; 101 N.W., S.W. 

Situation. — ijaf. -53' 28' to 53° 33', Long. 2° 44' to 2° 50' W. 

The pits and excavations are sjtuated in the belt of country 
running south-east to north-west from St. Helens to Ormskirk. 
Formation. — Glacial Sands. 

Description. — Tlie sands are worked extensively for tlr making 
of bottles and window-glass (at and near St. Helens), also in 
connexion with the soap-industry. The deposits occur at Crank, 
Rookery, Rainford, Kings Moss, Upholland, Skehnersdale', etc.*, 
north- west of St. Helens, and are used locally, so that no great 
amount of trans])ort takes ])lace. Skelmersdale, the farthest distant, 
is about nine miles from St. Helens. The sands are browm, 
frequently dark browm, in colour, and are very peaty. They occur 
in a series of hollows now' drained by the small streams which How 
south-eastwards to St. Helens and Warrington, and so into the 
Mersey. In late Glacial dr post-Glacial times, these diollow's werf' 
doubtless badly dmined, and became filled with vegetation which has 
yielded the present peji^y material. The abundance of place-names 
containing “ Moss ” is very signifi6ant. The decomposition of the 
Vegetable ?iiatter has had a reducing effect on the ferric oxide in 
the sands, and in many cases, by the action of the acid peaty waters, 
has dissolved the iron out. The sands are w^orked to the dminage- 
level, usually a depth of about four fee^ only, and the turned,-over 
land is again devoted to agriculture. The sands are washed at the 
various localities where they' are won, and it is interesting to see 
ie; ''pei’ation all s^les of washing, from the most primitive to - ‘*^he 
latest and most effective. In the former case, the sands are washed 
by being run into shallow troughs and boxes let into the ground, 
wh&e the .^.material is kept in motion by shovelling. Paddle- 
methods of washing are alsO used^ as well as modem rotary, 
dredging, and worm appliances. Vegetable matter is screened off, ' 

* The Shirdley Hill sands of the Geologfcal Survey Memoir, “The Superficial 
Geology of S.W. Lancs.” 1677. 
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' •• 

and# the water after washing is coftee-coloured |with peat v a Ad 
dissolved ferruginous compounds. § ^ . 

•l^echanical analyses of washed and unwashed samples from 
Rainford are as follows^ — 


• 

1 

- 




* CS. MS. i -FS. 

8. 

c. 

S. 

• 

>0*5 & >0-25 & | 

>0-01 & 

<0-01 

Total^and-grac 

• • 

<lmmJ <0*5. ! <0*25. 

' • ' 

<0-1. 1 

• 

j mm. 

^OT m»i. 

Unwashed 

1 

_ 3-3% 1^83-0%: y;7 7. 

0*9 % 

1-1 % 

98-0 % 

WasiSed* I 

• 1 

• 1’3 84-5 1 13-1 

0-2 

! 1 

0-9 

• 

98-9 


* The material is thus fairly well-grat^ed and of suitable size in 

^ Although the san^ is of a nielium brown colour even after 
washing, the •iron-coatent is Jow. The following ^re ^‘hemical 
analyses of Ra^nford Sands * " 


Waah e<l. 


mo, 

90-59 

AID. 

1-72 

Fe^tfj 

0-03 

CaO 

0-19 

MgO 

0-08 

K„0 

1-05 

Na,0 

0-05 

Loss on ignition 

0-43 


- ViimtuJu’d. 

Fc\0 0-05 per cent. 


Total . . l(fDT4 per cent. 


Duplicate determination, K,D, DOl % ; NaD, 0’08 %. 

The available resources are over a hundred million tons. 

• • 

§ Sand from Huttons Amho, near Malton, Yorks. 

Worked by The High Silica Sands Company, Commercial 
Street, Norton, Malton. * • , 

Maps. — Geological : New 4>eries, 1-inch, Sheet 68. 

Old „ „ „ 93N.E. 

6-inch, Yorkshire, Sheet 144 N.E. 

Situation. — Lai. 54j° 5' 50'', Long. 51' 40" W. 

Greyish and pale yellow sands cibcur at ^Sleights and Hutton 
B^k, and the working is in process of development. 

Formation . — Upper Estuarine Series (L^wer Oolites). * 

Description . — 'The sections at present exposed show in the lower 
part *ten tft seventeen feet of cream- colom'cd sands "syth ^ sfhall 
admixture of kaolin. Black ^speckst^f ilmenite are in places rather 
abundant. The sand is improved by washing, ^hich removes 
calcareous and aluminous raatgrial also. The kaolin may be an 
advantage m the making of certain glasses, ^nd for other purposes 
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^ ^ ^ « 

it is easily reirpved if desired. Unwashed, this deposit sefVes 
expeRently for bottte-gla^s making and for lining the hearth- 
bottoms pf steel furnaces. j(See Plate IV. figs. 1 & 2.)/ One s^m 
of the ^nd is eytrei;^ely pure^ but most ^ill have to be washed. 
T^e sand i^ddens slightly on burning. 

A cheruical analysis ol a washed sample is as follows ; — 


SiO, 

A1,0,' 

Fe,0, * 

CaO 

MgO 

Loss on ignition 


99-04 per cent. 
0*84 
0-03 
0-10 
0-18 
0-19 


Total . , 100;38 per cent. 

Before being washed, the sand contains 0*13 per cent, of iron oxide. 

. The mechanical analysis indiptes : — 

>0*5 & <1 mm., 1*4 % ; >0*25 & <0*5, 84*9 % ; >0*1 & <0*25, 75 % : 

' >0*01> &-<0»l, 4*1 %; <0*01, 2*1 %. Total sanfl -grade, > >0*1 & 

<1 mm., 93*8 %. 'i 

res Its Fs 8 c s -| 

Lt4’ 84*9’ 7*5’ 4*1’ 2-1 ’ 93*8*J 

The upper part of the sections reveals beds, twelve feet thick- 
ness, of yellow and brown clayey sands with greyish carbonaceous 
layers. Much more “ bind ” occurs in these beds, and the deposit 
is of great value for refractory purposes such as steel-casting. 

The chemical analysis of the latter refractoiy sand is as follows : — 

SiO„ 

AI263 

Fe,03 

CaO 

MgO 

Loss on ignition 

Total .... 99*9 per cent. 

^ p Anal : S. Hewitt. 

The sand‘^*is quartzose, felspar being much less abundant than in 
the Kelloway Beds. In mineral composition the sand does not 
exhibit a ribh variety of minerals, the heavy residue being coarse 
(averaging 0’2 mm. diameter). VeryTittle magnetite is present, 
but ilmenite is abundant. Tjimonite and leucoxene occur. Lapge 
red garnets ara common, and also tourmaline, staurolite, deep red 
• 5 ^tile, and zircon. Grains of serpentine are occasionally seen, 

The workings have now been censiderably developed, a seventy- 
yard face having been opened up. A siding fmm^ the N. E. 
Railway, between Castle Howaid and Huttons Ambo, has been 
built. It is hoped that the &nd will be delivered at Kndttingley 
atid other places in the Yorkshire area at 7«. to per ton. It is 
put on truck at Huttons Ambo at 3«. 3d. per ton. 

, The estimated resources are one million tons. 


83*8 per cent. 
92 
1*6 
0*6 
trace 
4*7 



BUJIYTHORPE SAND. 
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Sand from Burythorpe, near Malton, Yorkl. 

Workiiw given up some years agQ. * 

!te/?«.-Areological )» New Series, l-ifich, iheet 63'. 

• 01(1 „ *. „ „ 93 

()-inch, Yorkshire, Sheet 42 N.W. ^ 

SlfuaHon. — Lat. 54° 4' 40", Long. 0° 48' 40" W, 

Whitish sands are exposed iii several ]^ts, the chief of which 
lies near the Fox Cover, ai^d three -quaiifers of a mile fiorth-\fest 
of Buiythorpe'Clnirch. * 

ForniaHon. — it^eUoway Be?ls*of *the *J umssie. • 

^escriplio}i.~k'^ in the case of the country around Leighton 
BAzzard, Middleton and Cayton, Godstone, etc., the sand supports 
only {# poor heath tlon^ hy means of which its fairly, extensive 
Outcrop is vaguely delined. Some years ago it was worked for 
glkss-sand, but •the working was given up; it may be re-exploite|f* 
shortly. , • f * 

The Sand p(^sesses g slight l,)rown tint, due to iron -staining, but 
the be.ft (pialitv is nearly white (cream-coloured), ^he tin?^^ 
becomes slightly browner on ^burning, *but the original colour, 
which lies between those of Fontainelfleau and Belgian sands, is 
not^^mproved to any extent by washing, althougli calcareous* 
’material is removed. 

The*cheniical com]>osition is as follows: — 



Fox Cover 

Burytbt)rpe 


Pit. 

Park. 

SiO, 

96*79 

96*70 per cent. 

AbO, 

1*63 

1*49 

TiO, 

n. d. 

0*35 

Fe.O, 

0*22 

0*07 

Cab 

n. d. 

0*12 

MgO 

n. d, 

0*07 

K.O 

n. d. 

0*84 

Ni.O 

n. d. 

0*08 

Lorfs on ignition 

0*60 

0*56 

Totals 

. . 29*21 

?00*28 per cent. 


The dominant grade of the sand is smaller than thflif of foreign 
and ,also other British gla^s-sands, but this is an advantage, 
for the deposit is well-graded (see Plate 111. fig. 5). 

I» the mechanical comp(5sition the ^rade-percentages are : — 

>0*5 & <1 mm., few grains only ; >0’25*& <0'5,^9'2 % ; >0'1 & <0;^5, 
^59*0 % ; >0-0i & <0*1, 1*0 % ; <0*01, 0*8 %. Total sand-grade. ..^’1 
&<1 mm., 98-2 %. , * 

, rCS MS FS 8 c S “I 
Ltr.’ 39-2’ 59-0’ TO’ 0-8 ’ 98-2 J 

• 

The grains meetly consist of subangular clean cjiiartz, but grains 
of;turbid felspar are not uncommon. The heavy residue is abundant 
and consist| of much fine-grained dark material (average diameter 



^8 BKTTISK SA?fl)S SUITABLE FOlt UI^SS-IIAK-ING. 

O'l jpm.). In cJ?ai*acter it most resembles the minerdl assemblage 
•of' tiie Inferior Oolite, ^^^uch is remarkably similar all over its 
outcrop 'aci'oss England, fi*oiii the Dorsej^ coast to ‘ Yo^'ksMre. 
Abundaitt ^magndiite and ilmenite occur, and colourless to pale 
br)wh and pink Jingular^arnet gmins (0’12 mm. diameter) make vp 
most of the residue, llutile is extremely plentiful and ‘zircon is 
common '(both about Od mm. or l^ss diam.). Staurolite and grey- « 
bro'vn toi^rmaline grahis occur. Muscovite is present, bift the 
diameter of the flakes (O ' 12 mm. diamtter) is not much larger than 
that of the average for the rest of tho grains. ^ ' 

The question of trans])ort to the nearest railway station, MaEon 
(almost 5 miles), the high railway freights, and also the distance < to 
the nearest ]X)rt are serious considerations,- The great glass-iouaking 
area of Ydrkshire is, however, near at hand. ^ 

* Some trial-borings and a*^ ti*ial-hole have recently been jmt do^n 
a‘ short distanecf away in Burrthorpe Park by the owner, K B. 
Colton Fox, Es(j. The best of the sand brought to thetsurface ' 
looks ve 5 y pi'omising, and subject to an im]»roYement oin the 
economic conditions specihed above^ development of th(' arc'a may 
be expected. (For analyses, see Tables, pages lob, 102.) 

The available resources in tlu^ area amount to three m’hion 
tons. 

Less pure sands in the Kelloway Beds are worked at South Cav^ 
near the station (by Messrs. T. H. Ly(»n and Partner, of I^orton, 
Malton). They are of service for white bottle-glass and much 
other ware. vSimilar sands occur at Newbald. At Sancton, near 
by, white micaceous sands are found in the Estuarine Series. 

Sand from Denford, Northamptonshire. ^ 

Worked by the Ebbw^ Vale Steel, Iron A Coal Company, Ltd., 
Irthlingborough. ' 

Mapsi. — Geological: Old Series, 1-inch, Sheet 52 N.W. 

G-inch, Norfhamptonshp'e, Sheet N.W. 

Situation . — Lot. 52 ° 22 ' 20 ", Long.^if 88' 45 " W. 

The pi^, which have really been^ opened for the purpose of 
exploiting l^be Northam])tonshire Ironstone below the sand, occur 
nearly one mile west-south -ya'st of Denford Church. 

Formation . — Estuarine Series (Inferior Oolite). 

Description . — Sands occur, at the same geological horizon near 
b^t Corby, WansfoVd, Apethorpe, Blatlierwyke, etc., and were 
inenfioned as having been worked for glass-making about 1^0. 
Unfortunately, the variability and" limitation in quantity which 
detracted from the value of these affect also the Denford deposits. 
It might Ke possible to get ,3. good average quality by washing, 
but the sand is too fine in grain fo be easily washed without 
considerable loli (see page 122). ,* 

The sand is cream-coloured and* burns up pink. A chemiCal 
analysis of an average Sample is as follows : — 



' PENFtKD AND LONODOWN SA^^^DS. 

$ 

SiO., 98*19 per celt 

A\fi^ J-23 

Fe.O, • 0-06 

Cab • . ‘O-IS* 

MgO • . none 

Loss on igiiition O'# 

Total t lOO-OP per cent. 

Tlie effect ©f \vaslui)«‘ A\(?u]tl l)e to iriuove certain terru^iifons 
pellets that oeei!r,^ind to r(M«e(‘*a|)};iveial)ly the iron-])ereentage, 
u^ieli is alreaclA* low. 

• The sand is vety line in grain and is well-^*raded, a nieehanical 
analv»is indicating • 

^0'5 min., nunc, >0*25 & <0’o, 2’9 " . <0'2.5, 92*3 % ; >0'01^& 

<0’1, 3*0 >0*01. T8 7 . I'otui] saiul-gTade, >0‘1 mm., 95*2 %. 

• f • 

r^MS FS s c S "I 
[*2’9’ 92^’ 3 - 0 ’ 1-8’ 95-2 J 

• 

Tdie sand earrii'd an almndaiit and di«-k residue of lieavy detntal 
miaerals, the jiortion of density greater tlian 2*8 being 0'38 per cent* 
The I’c'sidue is dai’k as a result of tlie prejKinderanee of ihnenite, 
and “^*0 mineral ahseinhlage resembles that of the Jnf^irior Oolite 
genei’allv in its outcrop across England. The following is a list of 
the (^ommon mineral species in order of abundance : — Ihnenite and 
iron oi’cs, garnets, zircon, red rutile, kyanite, tourmaline, glauconite, 
staurolite, muscovib*. and yellow anatase. 

The* available resources, owing to the variability of the beds, are 
probably small. 

Sandh of similaii age (Inferior Oolite), but tl*ss ])ure, occur at 
Tadmarton, about four miles west-south- west of Banbury. The pit 
is situated half a mile east of Tadmarton Church {^Lnf. 02° 2 12 , 
Long, r 25' o" W.), and is worked by Mi*. H. H. Salmoii. About 
sixteen feet of rather variabli^ sands confaining ])eaty layiu’s may 
be seen. Some of the bawds are more iron-stained, rendering tlje 
profitable working of thej)it for glass-sands, in v^ew also of 
the location, improbable. The sand is coarsei' tli^n that from 
Denford (see Table of Mechanical Analyses, page 162), but the 
miTiei’al comjiosition is similar, large ^ink and brown garnets, large 
staurolite, grey-brown tourmaline, abundant ihnenite and iron ores, 

zircon, and red rutile being characteristic. 

• ’ 

Sand froni Longdown, near Southampton. 

Worked by Messrs. Sandell Brc^., 79 High Street, ftoutliampton, 
Maps. — Geological : New Series, 1-inch, Sheet 315. 

^ Old „ „ „ "11. 

6-inch, Hampshii^, Sheet 72 N.E. 

Sifuat^n. -Lat. 50" 52' 30", Long. 1^29' 10" W. 




^[0 BEITISH SANDS SUITABLE FOR GL&.SS-MAiTNa. 

^ Tln’ pits are "vi^orked a little to the south-east of the hamlet of 
‘Lohgdown in the New FSrest, and are situated about four m^es 
west-south- west of SdDthafnpton West Railway Station (L. & 
S.W.KaHw). ^ ‘ 

formation . — Barton Sbind (Upper Bagshot Beds). 

Description . from Longdown, situated upon land in 
the New^ Forest belonging to tlie Crown, was mentioned as 
haying befi*!! worked for , glass-making, and sent to the north of 
England, as early as 1858*. It is said to have been nearly 
as white as ^the Isle of WighC sand, and to* have cost Gf/. pei* 
cubic yard. Assuming a cubic yard to contain 30 ‘cwts., we 
should now consider’^this price exceedingly low^ 

Two sets of pits are at present being woiV'd. At the w'estefn end 
may be seen a fifteen-foot section of fine-grained, cream -coloured* 
lAnd, containing yellowish ^^‘"^tcvhes and streaks which a)*e more 
plentiful near thb top. The oihrburden is \Try small* At the 
eastern end of the excavation red anfl yellow sands fruan a fliicker 
■«S£»pping, dikl tlie Svhite sand is less constant. The laftter is liairked 
down to ground-w^ater level' 

If the sand were w^ashetl the iron-content and grading would 
Aloubtless be much improved, but the w'ashing-})lant at ])resenf hn 
the market is not w'cll suited to the rather fine grain of tlu sand. 
Inevitable “loss of fine sand would result. Washing improves the 
colour slightly, and sain]des of the sand on ignition become a* 


rather darker brown. 

The chemical composition indicate 

SiO., 


. 95*41 per cent. 

Al„6, 


2*35 

re‘0, 


0*09* 

Cab 


. 0*26 

MgO 


0*18 

K,0 


1*33 

NaU 


trace 

Loss on ij^rmtion 

0*50 


total 1 100*12 per cent. 

After beiilg* washed the sand contains 0*00 per cent, of iron oxide 
(asFe^O,). , . . 

The deposit is fine-grahjed, mechanical analj'ses being as 
follows : — f * 


« 

MS. 

,,FS. 

8. 

0. 

S. ^ 


>0*25 & 

>0*1 & 

>0-01 & 

<0*01 

Total Band-grade ; 

« 

<0*5mm. 

<0*25. 

<0*1. 

mm. 

>0*1 mm. 

’ 0 

t— jf 

Western end *. . 

8*9 % 

84*6 % 

r 3*8 7^ 

2*7 % 

93*5 % 

Eastern end . . 

«5*9 

91*2 

1-5 

! «__j 

1*4 

97*1 

‘ t 


* €> 

Mineral Statistics ; Mem. Geol. Survey, 1860, p, 374, 



Tj^lDINGB RIDGE SAND. 


7; 

The heavy minerals of density greater tbafi 2*8 cons^tute 
0-*08 per cent, of the whole. Large llalces (0*4 mm. diameter) ‘of " 
a ^eenish* muscovite* are very aburtdantf Brown to\irmaline 
(0*1 mm.), kyanite* (0*2 mm.), iron ores, ii?cludin|f^^hnenite 
(altered to leucoxene), magnetite and ilimonite, are plentiful. 
Zircon and mtile in small • grains about 0*05 mm. in diameter 
'occur^ommonly, and the presence of epidote and green h(trnblende 
(0*1 m*m.) was also noted. 

The sand is Parted by road about two miles to Lyndhtirst Koad 
Station (L. & S. *W. Eailwa}^,*wlfere “it is put F.O.IJ. at ds. per 
tom Two*miles^ cartage eastwards will also bring the sand to a 
snfall quay on Sou^;hampton Water owned by IVftssrs. Sandell Bros., 
the witer-freight to tli^ London area being about 2s. ^d. and to 
, Bi*istol 3s. per ton before the war. The sand is at present being 
supplied to the Bristol area (railway-freTght about iOs. per ton ) fof # 
Ivttle-making, but i#is sufficientlyfgood for bettef quality glass.* 

* The ^and q^cupies .several square miles of wooded country, and 
the avatlable rtsourees are certainly not under four*mitlioif tons. 


csBand from near Fordingbridge, Hants. 

Workinff being undertaken by Mr. A. J. Terrill, Kosebank, 
Fordingbridge ; Lyburn Estate, owned by Cecil Lee, Es^. 

• Maps. — Geological, 1-inch. New Series, Sheet 315. 

• 6-inch, Wiltshire, Sheet 77 S.E. 

Situation.— tat. 50° 57' 30", Long. 1° 39' 30" W. 

The locality is actually across the county boundary in Wiltshii’e, 
but Fordingbridge is the nearest town. 

The pits occur near ^ No Man’s Land ” about five miles east- 
north-east of Fordingbridge, and nine miles south-east of Salisbur}^ 
Formation. — Ba^hot Sand. 

• Bescriptimn.—y^i^Q stretches of sandy heath occur in this area. 
For the greater part the sands have been bleached white, or are 
coloured grey by an admixture of peaty iij^terial. So far as the 
small excavations enable the observer to judge, a bed of pale grey 
sand at least six or seven feet thick (the greatest depths y^t proven)* 
and probably much thicker, extends over a considerable area.^ 

The sand is pale brown in colour and becomes grey §n ignition. 
TJie chemical analysis. of a bulk* sample as collected is as 
follows : — 

SiO, .... 

AI2O3 . 

TiOa 
^e.,03 . 

CaO .. .. 

MgO . , 

K^O . .. 
lla.,0 

Loss on ignition* 


99*92 per cent. 


per oent 

0 * 1 ^ 

0*07 

0*02 

0*11 

none 

none 

none 

0*27 


Total 



J!2 BRITISH BANDS SUITABLE FOB €^IA88-m1kIN&. 

Oflier uiiwasAed samples contained 0’03 and 0*02 per cent, of 
iron oxide. ‘ 

The ^nd is well-^’aded, as the followkig mechanical analysis 
shows':-^© 

(b 

>0-5 mm.*, none ; > 0-25 & < O'S (screened), 88*3% ; >0-1 & < 0-25, 11-2 7 ; 
> 0-pi & < 0*1, 0*3 %; < 0*01, (|*2 %. Total sand-grade, > 0*1 mm.; 

,.99*5 7,. 

pMS FS s ST 

L88*3’ 11*2’ fO*^ d'2’ 9^ J 

In mineml composition, the material is simikir to the Bags<hot 
Sands over the whole area of tlieir southern outero}i. Tl^e heavy 
crop forms 0‘08 per cent, of tlie whol^, and consists chiehy «f 
ylmenite changing to leitcoxene, staurolite, k\^a,nite (0'25 mai. 
^diameter), blue, and brown 'tJmrinaline. zircon, and red rutile 
(O'l mm.). 

Tt is p»’ 0 ]:^se(J that the sand should be catted In^^foad about two 
"and a half miles to the railway near Downton Station (L. & S. W. 
Railway) or to the River (jA-von foi^ water-transport. 

A large factory (Rast Mills) and water-power are available at 
Foi’dingbridge. 

The eii^Imated resourees are over three million tons. 


“ Isle of Wight” Sand. 


This sand was formerly worked for glass-making and i*^ men- 
tioned in older British and foreign text-books. It has not been 
worked for some years. 

Maps. — Geological: New Series, 1-inch, Special Sheet, Isle of 
Wight. (Sheets 330, 331, 34#, 345.) 

6-inch, Hampshire, Sheet 93 S.W. 

Siivation. — Lat. 50^ 40' 0", Lon(j. 1° 33' 50 ' W. 

The sand is one of the famous Alum Bay Sands, cropping out 
on the shore about four miles soutii-west of Yarmouth. 

Formation . — Headon Hill Sands. 'Wliite sands also occur in 
the Lower Bagshot Beds. < 

Description . — The sand is associated with beds of lignite. In 
places it possesses a good colour, almost equal to that of French 
glass-sand, and darkens onky very slightly on heating. Patches 
of more ferrugiwus material, ‘however, occur frequently in it. 

*The chemical analysis of an average sample of Headon Hill Scud 
yi^ed : 


SiO. 

A1,03 

Fe ,03 

CaO 


MgO 

Lobb on ignition 


96*96 per cent. 
1*90 
0*11 
0*34 
trace 
0*64 


Total 


99*95 per cent. 
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ISlE OF VIIGHT AND CHAELTON SANDS. 



CS. 

>0-5 & 

< 1 mui. 

MS.* 

|>0-25 & 
<0-5. 

1 

* 

FS. * s. , c. 
>0-1 &, >0-01%: 

•<0-25.: <0-1. 

i: . 

1 Toi^l sand-^rade 
>0-1 mm. 

• 

ieadon Hill 


3-8 % 1 

84-0 % 9-7 V* 2-5 7 

• * ' 

, 87-8^^ 

^r. Bagshot 

*<» 1 

, 

1 ^ . i 


• IQ- 7 5-0 

84-3 

• 


Tlie mineral c()m])()siti<)n is similar to that of the Ba^^shot Beds 
generally, the ahimdane? of rutile, blue and iiuligo-Coloiired tour- 
nv^'lhie, and rolled ^'rains of staurolite l^ing noteworthy. ' 

The practice of usmg this sand* a])])ears to have heeii dropp^T 

• since t^e Eighties, pi'oliahly as a I'csidt of the di^Bculty, from its 
positioi^ of wfi'king ilf in (jiiantity, the imperfect gra^lingi and the 
ferruginous ])atches occuri'iug in it. 

Similar whitish sands, hut ftot so pu^'e, are met with in VVlnte- 
’ clify^ay, at the o])posite end of the Isle of Wight. 

• 

^rhe^i^agshot Beds of the London Basin have not all lieen 
explored ; hut some bands, such as the ])ale sands of SfT George’s 
. fiill, Weybridge. might he used for common glass. Whitish 
sands*of similar age in the Bagshot Beds are now worked near 
Lymington and BrockeDLurst in Hampshire, and near Creech- 
barrowand Wareham in Dorset, but are not sufficiently ])ure for 
. the purpose recpiired (sye Table on page IG-f). Their grading is 
open to objection. 

t 

§ Sand from Charlton, Kent. 

* WorJced V Mr. E. Gilbert; pit owned by Sir Sjiencer Maryon 
Wilson, Bart. 

Maps. — Geological : New Se^des, Londoi?, Sheet 4. 

G-incii, Kent, i^heet 2 S.W. 

SiJaafion. — Laf. 51 " 29' JO", Lon<j. 0*^ 2' 15" E. * • 

Numerous excavations occur in the district, but sayd is actually 
worked for glass-making at the large j)it about a cpiarter of a mile 
norfli of the church. 

Formation.- — Thanet Beds. • 

Description. — Iffie u])permost few feet (ff the* Thanet Bed? at 
<^^rlton are worked for rough green bo^le-glass manufactiiPB in 
the London District. The Tower portion of the Tlia^iet Beds 
(which a* here ’seen resting upon the Chalk) is more clayejf and 
is worked for the famous “Blaclc|oot” moulding- saifd (“Erith” 
«and), which is sent to all* parts of Great Britain and exported 
abroad (to Stoclfholm, India, etc. ). The sand is coimired pale brown 

grey and is suitable only fdr common bottle-glass. It contains 
a fair quailtity of iron, and reddens on heating. 


So far as its use for glass-making is concerned, the mech^iical 
coinpositiop leaves something to be desirfid. 
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BIUTISH SANDS SUITABLE FOB O^LASS-mIkING. 


( 

chemical ^analysis is as follows : - - 


ai,6, 

2*43 “ 

Fe,03 

0*42 

CaO ( 

0*19 

MgO 

. none 

Kp 

0*89 

Na,0 

0*19 

Loss on Ignition 

0*88 


Total 


100-21 per cent. 


The mechanical analysis indicates that the grade of “ line sanci ’ 
is dominant, as in the Burythorpe deposit. — 


0-5 & <1 mm., none; & <0-5, 16-2 % ; >0-1 & <0*25, 79*6 % ; 

>0*01 & <(*1, 3*1 % ; <0*01, ri %. Total sand-grede, >0*1 & 
< 1 mm., 95*8 % . ^ 

' TMS FS 8 c S n 
Ll6*i^ 79*6’ 3*1’, M ’ 95*8 J 

rt 

In mineml composition the sand resembles the Thanet '‘Beds 
generally along the southern outcrop, the detrital minera^^s being 
fairly abundant, and oecuiring in angular grains. Iimenite 
(altering to leucoxene) and limonite (0*2 mm. diam.), zircon 
(OT mm.) and rutile (0*2 mm.) abound, and tourmaline (0*2 -mm.), 
staurolit«, ? andalusite, and flakes of muscovite (0*2 mm. diam.) are 
also found. 

Eail and river are near, and the sand is supplied at about 3«. 6rf. 
to 5«. per ton at the pit (l.v. Oi/. and upwards per “ foot ”). 

The available resources of glass-sands are over two hundred 
thousand tons. ' 

Thanet Sand near Eochester is similarly worked for the bottler 
industry at Queenborough, Higham, etc. 


§Sand from Worksop. 

Worked hy Messrs. Jas. Turner Son, Ltd., Kiveton Park, 
near Sheffield, and at Worksop. 

Maps. — Geological : Old Series, l-indi, Sheet 82 N.E. 

6-inch, Nottinghamshire, Sheet 8 S.W. 

^hiation. — Lff. 51^° 18' 48^', Long. 1° 7' 54" W. 

^e quarry", in which the sand suitable for glass-makingids 
exposed, lies about one-tnird of a jnile west of Worksop Station 
(G. C. Railway). 

FSrmation . — Lower Bunter. 

Description . — The excavations beiijg made for Messrs. Turner’s 
new glass-worlds, which are in course of erectioii, have revealed 
an excellent section of Permian marlfi. The marls are purple aijd 
green in bands, and the^ basal Bunter Sands rest upon their wavy 
upper surface. Fifteen feet of pale-coloured sands are seen, of 



• WORKSOl* SAND. 


which the lowest seven or eight feet are worked fdt glass-makjpg. 
In. places thpse sands have a pale greenish Appearance, and certainly 
ippeav to h^e a .better colour where they f>ccur below gn)und- 
water level. This may h/s due to Solution of ferric c^iirfpounds 
by. 4 ilgal or bacterial action. It is propos^ to treat this bedb# 
bank-washing, but at present the sand is being shipped to the 
Tyneside glass-works just as it is quarried. The uppernft)st few 
feet of ‘the pale sands contain ferriiginoys* streaks and«pktclii*s. 
Red sand, stroifglv current-bedded and leather coarse ih ga^ain*, 
forms the vqDper pa*rt^f the secftif»n,1ifte*en to twenty feei high. It 
is worked as'an “ open ” moulding-sand and for building-purposes. 

'I*he glass-sand is pale brown in colour and darkens on beating. 

A waJihed sample analys'd by Mr. .1. H. Davidson, M.Sc., of tlu^ 
Department of Glass Technology in tbp Tniversity of Sheffield, 
ga^e the following result : — 


SiO, 

95*10 

•ALO, - 

2*32 

•GO. 

trace 

Fe,6, 

0*51 

CaO 

0*^ 

MgO 

0*24 

Loss on ignition 

0*54 

Alkalies, by difference . 

1*07 


(Xit 


Total lOO’OO per cent. 


An average sample of unwashed sand (as sent to the North of 
England^ collected by the writer contained only OTO per cent, 
of ferric oxide. ^ 

The mechanical analysis is as follows : — 

>1 mm., 2-0 % ; >0*5 SKl mm., 6'G % ; >0*25 & <0‘5, 58'65 % ; >0T & 
<0*25, 26’;5 % ; >0-01 & <0-1, 4-5 % ; <0*01, 2-1 %. Total aand-gfi-ade, 
* >0-1 mm., 93-4 7^. 

rra CS FS ^ ^ s 1 

L2-0’ 6-6’ 58*65’ 2^*15’ 4*5’ 2*1’ 93*4' J 

The percentage of alumina m the sand is an advantage Jor bottle- 
making, as it strengthens the glass. The alumina is jirssent partly 
as felspar, and partly as its Mecompositfon product kaolin. Much 
of the latter washes out of the sand, atid its |)resence is indicated 
by the high clay-gmde in the mechaiftcal analysis. . ^ 

3^ mineral composition the deposit resembles many other Bujj;|;er 
Sands. Ilraenite is abundant byt very muBh altered to leucoxene. 
Yellow-broWn and grey tourmaline in highly rounded grains are 
very ilbunrllnt. f^ink garnets (0*2 mm.), angular staurolite, tnd 
apatite also occur. Zircon a^id red* rutile (O'l x 0*03 mm.) are 
plentiful. ^ 

The quarry lies by the side of the G. C. Railway irom Sheffield 
to Retford i^id Worksop), and the Chesterfield Canal, which has, 
however, fanen into disrepair, especially in the adjacent Norton 
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TiMnel. The Land is supplied F.O.E. at Worksop (unwashed) at 
SsToc?. per ton. It could be put on boat on the canfil for ^bout' 
4i«. 6c?.‘per ton. 

TheViTfailable^ resources are; over six ndllion tons. 

At Alderley Edge, Cheshire, occur large tips of sand which 
have accumulated from the copper and lead mines (6-incJi Map, 
0.eshira, 28 S.W. 58° 17' 40", Long'. 2° 18' 15 The 

iCeuper 'Waterstones are impregnated at this locality with galena 
(lead sulp\ude) and malachite l^coj,)i1er carbonate). Thb sandstones 
wem formerly mined, and after being crushed were treated with 
acid to dissolve ‘'the metalliferous ores. The resulting sandVas 
washed to recover as much as ]) 0 ssible> ,pf the metallic s'alts, and 
has thus' accumulated as waste material. 

The acid treatment ha^ douj^tless removed part'of the iron oxide, 
‘but about 0T2<*per cent, remained in a samjie tested. rThe sand is 
pale brown and becomes greyer after igpition. Jt is ^markedly 
felspathlc.^ The alumina present in the felspar wmld add to the 
value of the sand for bdttle-makipg, wlien the iron-content would 
cei-tainly not be too high*’ for ])ale bottles. 

In consequence of the washing, the gmding is fairly goodj'^s the 
following analysis indicates; — 

>0-5 &<1 mm., 2*4%; >0-25 & <0-5, 76-9%; >0*1 & <0-25, 

>0-01 & <0-1, 1*6 %; <0-01, 1*9%. Total sand-grade, >0*1 mnp,96*5%', 

res MS ^ .1 

L2'4’ 76-9’ 17-'2’ 1*6’ 1*9’ 96*5 J 

Unfortunately the deposits are not situated upon a coaltield or a 
bottle-making area, and it is doubtful whether it w^ould ])ay tc 
move the sand as far as either the Manchester<or Yorkshire districts 
The mines are situated about one and a half mile| south-east oi 
Alderley Edge Station (L. & N. W. Kailway), the road being^'a 
good one and downhill. 

Dunp-iSands and Shore-Sands. 

C 

Althougji some of these sands, the analyses of which are givei 
in the Tables (pages 157, i05), have ^een used for bottle-glass, n( 
blown-sand or shoi’e-deposit from the British Isles pure ehougl 
(with the exception of that iirom the Isle of Jura) and in sufficien 
qWntity for the making of flint or better-class glass has yet beei 
se5h by the writer. The constituents of these sands have usuaUy i 
very mixed origin ; but if local derivation from decomposing pur 
san^stpnes or quartzites can be ensured, suitable sands hjay be found 
Usually, ift dune- and shore-gands, current-action tends to defea 
this object. Nevertheless, the dune- and shore-sands of th 
United Kingdom (especially those bordering the*' Archaean areas o 
Scotland and Ireland) ought to be more thoroughly investigate) 
than they have been. ‘ The colour of such sands var^ from pal 
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grey^nd brawn to deeper tints, and usually dark|ns considerably 
on bui^iing. Too much iron is present* and the heavy mir^rj^h 
crdp^is freqt^^ntly large. Commercial ^ectrmnagnetic separation 
will hardly* clean ’the sands sufficiently. They tre of little use 
except for “black” glass-work whert the industry is lo(?^ted closj 
at'Tiand. • ^ , 

The purest shoi-e-sand met with/is that occurring on the ^vestern 
shores the Isle of Jura, a^id derived# from the D^radian 
quartzites formyig the greato-r part of tlfb island. Thi% saner 
said to hay^ been •formerly wcg*l^"d #fe)r .glass, but it is of limited 
extent and, ,althoiiglf very white-looking, contains O’Of percent, 
of iron oxide. • * 

The ]jeach-sand from the Isle of Eigg is also of fairly good 
quality, and consists of ^'ry clean and colourless angulai’ quartz, 
mited'with a considerable quantity of d;^-k kaolinized felspar, but 
it yields a large crop ^f heavy mine|ils derived fropi neighbouring 
tgneous iuaSses (augite, olivine, eindote, garnet, zircon, etc.). 

Similep’ sand* from ^ear Dublin ( Sandy m ouiit, have 

been used in the dark-bottle industry of t^at city. 

Additional shore- and dune-s^inds froi^i Ireland have also been 
exan^ied in view of the needs of the bottle-industry*. Samples of 
blown sands from Sutton (Kilbarrick) near Dublin, Washing Bay, 
Coalisl£«ffd (on Lough Neagh), Ballycastle (Co. Antripi), etc., 
h^ve been examined and analysed, with the results given on 
^jage 165. 

G-. fl. Kinahan. in his account of the economic geology of Ire- 
land f, mentions the occurrence at Dallycastle of a white sand suitable 
for glas^making, stating that it occurs as Drift. It lies upon and 
is presumably derived, at^ny rate in part, from the Carboniferous 
Sandstone. The sand worked for the old Ballycastle GlasS-works 
(up to 1820) was l^own-sand from the dunes, not a very puie 
material, and the glass made was a rough thick green bottle-glas.s 
oTily. * 

Specimens of a ^hore-sand from Maghera, Ardara, Co. Donegal, 
have been forwarded by the Officer in Chatge of the Coastguard 
Station, who says that the* quantity available is unlimited. The, 
sand is unfortunately somewhat shelly and rich in h^vy detrital 
minerals. The iron-percentage (Fe^O j is O'T per cent.^ A similar 
but slightly less pure sand has been^ obtained from Sandflelds, 
Ardata. Mechanical analyses of thesg sands will be found in the 
Tables. , 

Besides those sands analyses of which are g^ven later (^e 
paJIjs 157, 165), samples from the followii^ localities (sent bf^he 
courtesy of Sir Bertram Windte, F.K.S., President of Uijiversity 

* Prof. Gilbert Morgan issued a report on Irish Glass-sands shortly after 
the outbreak of war. This stateinent meittioned, besides Muckish Mountain 
Sand, deposits which might be worked for bottle-making, and which ocourwfd 
at Sutton near Dublin, Eosslare, Silver Strand (Wicklow), .ffdara (Co. Done- 
gal^ tfhd Washing Bay (Lough Nea^). 
f t Joarnal i^al Geol. Soc. Ireland, vol. viii. (1887). 
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College, Cork), have been examined : — Castlefreke (Cork), Clay- 
, caltle (Yough^), Glenb^eigh (Kerry), Kilkee (Kerry), and Rush- 
inere (Tramore). 

Information ,vegarding‘ other sands investigated will be found in 
the Ta\dCs oi-, incidentally, in the remarks below. Sandstones and 
quartzites naturally d‘isinte grated or crushed to produce “ glkss- 
-sands” are discussed in Chapter- VTT. 
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cI'HAPTER* VI I. ^ 

A. Piin’KLY" Silk'EousIDeposits (cojif/nurd). 

' (h) Cur SHE I) Rocks. • ^ 

Many crushed (^iiartzose rocks liavx^ been ])lace(I u})on the imirKcr. 

, as •j^ropoeefl substitutes for glass-sands. At the outj^'t, it may 
he said that the;^ have never found mueli favour with Rritisli 

Fi|^. \2.-^Mec}ianical Anaifjsen of GJaxs-Sands : Gruxlied^Mockx, (dt 



sively used abroad. The great evil of rock-crushing* lies in the 
quantity of dust, which ^ waste nviterial, produced. Mining 
engineers are still endeavouring to devite a machine that will grind 
or crush rocks to a fine even grade witl^out producing sliine. 
So^far as glass-making materials go, the remarks regardin^tlie 
unsuitability of sand not of even grade a^ply still more empha- 
tically here. Several pure sandstones and quartzites, of* various 
geological %ges ffom pre-Cambrian to Coal Measures, occur,in*the 
British Isles, and a few have b^en crushed and exploited. TVtechanical 
analyses of the products are given in the Tables. Sifting is usually 
carried out at tKe quarries, and so those coarse grMes which are 
objectionable are eliminated. *Large quantities of fine grades and 
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dust are, noweyer, produced, and, in order to yield an effeiPfcive 
sj^nS, these ought to l^te washed away with water-cun’ents of 
strengtl^ calculated as above from elutriation data. It frequently 
necessajT to reinove electromagnetically thfe iron particles deprived 
:^rom tile‘s crushing-plant. The cost of ’■quaiTying, crushing, and 
sifting lias generally hben too great to permit of washing also, 
and the price of the unwashed material is often prohibitively high, 
even in the neighbou”hood where it is produced. Much jr.ore is 
tli'e cost, increased by the usual heavy freights, so that there is 
little likelihood of such matenals replacing glass-sands to any 
extent for v)rdinary work in this country. High -content of siUca, 
and alumina also if that is desired, low iron, j^nd general purity 
and angularity are their chief recommendations. Difficulties 
occur in the use of tlu'se crushed rocks' Often it does not pav 
, to wash them, and cons^^quently loss results from the burning 
out of the tine grade, and unevenness in the “ metal” is caused by 
irregular melting. The tine material carries with it air-bubbles,, 
from wip’d} the “metal” is cleared with great difficiilt 3 e As in the 
case of crushed (pianz-cvystals themselves, it is aiso objected by 
manv glass-manufacturers that the “metal” jirodueed from the 
crushed material tends to be “coidv” or “wayv” and to remain 
“sticky” too long upon cooling, which also takes a longer' time 
than is dlesirable. Whether this is the result of the mixture of 
line grades, of the presence of two allotrojuc low temperature forms 
of quartz, differing crystaIlogra])hically, one ])Ossibly as a cement,, 
of the diiferent hydration of the silica acting as matrix, o]* of the 
presence of certain inclusions in the quartz, is not known. Greater 
heat, or more prolonged melting of the batch, appears to be re- 
quired when cnished rocks are used*, it is noteworthy that the 
sand obtained from Muckish Mountain, Co. Donegal, Ireland, is a 
naturally disintegmted ])ure ]'>re-Cambrian quartzite. It is often 
difficult to draw the line between a true sand and such a disinte- 
grated sandstone or quartzite. The mechanical analyses on page B2 
indicate, however, that it has been well-graded, probably a result 
of percolating waters for a long period, helped by the fact that the 
^original sandstone was also well-^ded, and most of the cement 
has since ‘been removed. It contains rather too much coarse 
material, but this is ver}'^ friable, and can be rubbed down in the 
fingers, compound-grains thus breaking up. The analyses (see 
also Fig. 12) should be compared with' those of Guiseley material 
(which was supplied sifted to 40 -mesh), Port-a-cloy Silica, 
Westport Silica, etc. ' Even after washing and sifting, the residual 
rock-particles are distributed over several grades and the mixiare 
is still unsatisfactory. 

i^ong decomposed or crushed sandstones and qru^rtzites ex- 
amined were the following ; — 


* On the behaviour of the forme of silica, see Fenner, Amer. Journ. Science, 
vol. 36 (1913) p. 331, and Joum. Wash. ACad. Sc. vol. 2 (1912) p. 471 ; Wrij^ht 
& Larsen, Amer. Joum. Science, vol. 27 (1909) p. 421, and othe^^s. 
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§ Muckisli Mountain Sand, Co. Donegal, 

Messrs. Arkwright & Rapaport, 22 Bank Buildings, 
K.ing^way,.W.C. 2. • r r o 

Geological! Old Series (Ireland), l-indi, Sheft.^0. . 

•® ^ 6-inch, Donegal, Sheet 34. • 

Situation.— Lqf. 55° 0' 20‘', I^nq. 7° 59' 50" W. 

The^ sa-nd lies on the top an# upper slopes of a hill (J^uckish 
Mountain ) of quartzite about four miles ii’om the sea, apd ahRut 
thirty-three miles^east of north of JDonegal. It consists of^scree 
material I't^ultinu^ frsnii the decomposition of the quaidaite. 

Cambrian (Dalradian). ^ 

T>e8crij)tion. — Tj-ial-workings are lieing carried out to ascertain 
tlie extent of the sand, ^any ]dts and trenches, incli^iing one 
driven twenty feet into the hillside, ha^‘ now been made, and a, 
considerable areit of rock cleai’ed oi grass, peat, and rubble. Th^* 
^mount of sand still cf[dpears to be small, but the e'xcavations have 
proved^ *the e^^istence •of sevoral beds of considerq^ile extent, 
consistirl^ of s(fft white sandstone — a result of the ])arti^ disinte* ' 
gration of the quartzite. All 4;he cheimcal analyses of Muckish 
» Mountain material reveal the presence oi a small quantity of lime 
^(Ca(yj, so that it is possible tliat the sandstone was once cal- 
careous, perhaps bearing a calcareous cement, and that the calcium 
carbonaie has been leached out as a result of the weathering 
agencies and acid peaty waters. The rock is seen in all stages of 
decomposition, from hard flinty quartzite to a friable sandstone 
which can be broken u]) in the fingers. The quantity of actual 
unconsolidated sand present is very limited. 

, As the seams of .soft rqck occur immediately below the flat top 
of the mountain, over two thousand feet above sea-level, it is 
probable that much of the soft rock will be reduced to saiul in the 
process of running ft down the shoots to the foot. However, 
ascertain amcP^nt of the material will not be broken up in this way 
and will require crushing. (See Plate lY. tigs. 3 & 4, which show 
the manner of cementation of the grains.) «Owing to the softness 
of the cement, this will not beP a difficult or expensive matter. 
Screening is also necessitated, since the crushed and •decomposed * 
products contain coarse compotind grains which remain as “stones” 
in the glass made from the rock. Washing is desirable to assist 
the gjfading by clearing th^ sand of fide dusty silica, etc., and to 
• reduce the iron-content of the brownft* varieties. The available 
.water-supply is small, especially in the summer. • • 

Tile chemical analyses of some sample^ of the rock recently 
collected are as follows : — • ^ 

Bulk sample^mixed from all the trenches. Iron-content, ^ 

SiO, ... , 99' 55 per cent. Trench 1 . 0'02ft per*oent. 

AbO., 0'17 ' 2 0*022 

Fe'O, . 0'02 „ 3 .. ^009 

Cab ..1 •. 0-20 

•MgO trace * 

Loss on ipiition O' 16 


fotaj. 


lOO'lO per cent. 
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IShe brown c(ftour of many specimens is due to staining by ^aty 
■rt^aters and is not detrimental. One such brown variety contained 
only 0'G29 per cent. Of iixxi oxide (Fe^^). , « ^ 

Meck^ical analyses of the/same samples are as follows ; — ' 


t 

VCS. 1 cs. 

>1 >0-5 Ci, 

mm. 1 < 1 mm.< 

MS. 

>0*25 & 
<0-5. 

1 FS. 
>0T & 
<0*25. 

s. 

>0-01 & 
<01. ] 

c. 

<0-01 

mm. 

S. 

Total ed.-gr.t 
>0T mm. 

Trench 1 

i 2-5 % 

72-.S 

' 1&-9 % 


1-8.% 

^5-2% 

„ 2 

2-0 %j U-7 

73-9 

7-9 

0-5 

I'Q 

<^98-5 

., 2 a 


73-1 

15-8 

0-8 • 

0-5 

?8-7 

„ 3 

2-5 13*6 

75'4 

i 7-5 

1-0 

0-0 

99-0 

A fine Keam 

0-3* 

36-7 i 

! 

58-3 ' / 

3-2 

1-5 

1 

‘ 95-3 


Com{;)ound grams. 


The contains a very smUl })ro])brtion of heavy detrital 
minerals, little else but zircon being jn'esent. liie sand was used 
by the Irish Depai-tmey-t of Ag^riciilture in the reproduction of 
Waterford G-lass for the Cork Exhibition in 1902. Good g|^ss hag* 
also been made from it in the London, Birmingham, and Yorlcshire 
areas. < 

The price at which this material is t-o be sui)plied has not yet 
been fixed. Should it not be low enough to enable the sand to 
replace foreign supplies in England, we may still be assured, in the 
iMuekish Mountain deposit, of a large su]3])ly of material of excellent 
<|uality, sufticiently good for the making of the best opti(5al glass. 

The nearest port is Ballyness, six mil(?s from the foot of the hillx 
The Donegal Railway runs about a mile from the foot, and the 
port of Dunfanaghy is six miles distant. 

§ Crushed Sandstone from Gniseley, near Leeds. 

Worked by The (xuiseley GaRister Company. 

Maps. — Geological : Old Senes, l-mch, Sheet 92 S.E. 

‘ *^6-inch, Yorkshire, Sheet, 202 N.W. 

Situation. — Lat. 53° 52' 5 ", Long. 1° 44' W. 

The quarry lies one miVi west-south-west of Guiseley. 

Formation . — Coal Measures. 

^ Description . — The purity and high silica-content of certaiif 
sandstones of Coal Measure age are well-known and the rocks on 
that account are priz^. The Guiseley rock is much shattereSl and 
is washed at the quarries, being supplied at present to the steel 
iildujitry. It is proposed to crush and sift the rock for glass-making. 
The sifted product is free from coarse grains, but naturally is spaced 
over several jgrades, and contains oTWectionable fine material. The 
cost of washing, to rid the sand of the latter, *“ is somewhat pro-^ 
hibitive, the price without washing varying from 15*. to 17«. pdltton 
even in the neighbouring Yorkshire glass-making ar«a. JJowew, 
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certain glass-man lafacturers are trying the sand.l It is white, 
bea^rs only a small quantity of iron, and dodb not darken on burning! 
The ^ie]nicg;l*analy.sis oi the crushed rocte is at follows : — • 

SiO„ ‘ • 

Al.O, 

CaO 

Mg-O 

loss on Ignition 

• • 

Total 100' 21 per cent. 

yields the following analysis : — 

98jil3 per cent. 

0-60 
0-03 
0'24 
none 
0-2i 
•_ 

Total lOO'Oy per cu.v. 

The §^*ater amount of iron in the crushed sam])le is therefore 
presumably due to additional impurity obtained from the crushers, 

• The jjiechanical composition, after sifting to 4()-mesh, is : — 

>0-5 & <1 mm., 0-1 % ; >0*25 & <0-5, 40*1 % ; >0-1 & <0*25, 
44*3 % ; >0-01 & <0'1, 9*2 % ; <0-01 mm., 6*3 Total sand- 
ade, >0T mm., 84*5 

CS MS FS 8 . S “I 

0'T*4dT’ 44-3’ 9-2’ 6’3’ 84-'5'J 

''±116 ininei-^l composition indicates the presence of very rare 
felspar, a colourless Hake of garnet (?), ana tase growing on ilmenite, 
abundant small red-brown rutile, ^ircon, limoflite, leucoxene, etc. 

• 

§ Sandstone from Mold, Flintshire. 

Worked hy The Mineral Milling Con^iany, Mold. 

— 1-inch Geological* Sheet 79 &E. 

6-inch Flintshire, Sheet 13^N.W. 

Situation. — Lat. 53^ 10' 20", Long. 3° 11' f2 " W. 

Tie mine occurs at Waen, immediately ^orth of the SmilJhy, 
one hundred and fifty yards north of Trinity Church and abciut two 
miles west qf Mold. 

Formation. — Oarlx)mferous Limestone. 

Description. — The bed of white sandstone is about twenty-three 
feet thick and ociurs below a bed of Carboniferoift Limestone, 
which in the shaft is about twenty- two feet thick. Impure 
limestone ali# occurs ’below the sandstone. At present the rock is 


An inicrushed hample olLnock 

• ^ 


SiO, 

Af 0 , 

Fe.O,, 

X^aO ' . 

mo 

L()S8 on ignition 


97'45 per cent. 
1 ' 76 ® 

0*09 
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mifted and broif^ht up the shaft, but a drift is being run eastwards 
from the surface down tfi the working. The sandstone is of good 
colour with little or {»o iroa-staining. It i§ constant in quality and 
grade, v,itd is s(!>ft and easily 'crushed. After ignition, the colour 
remains unchanged, '^he unwashed product contains only 0 ' 024 per 
cent, of iron oxide. The washed product has the following chemical 
composition : — 

98'97 per cent. 

0-46 
0-04 
0-02 
0-10 
0-07 
V98 
none 
0-34 

100'0^I)er cent.. 

The crushed material is fairly well-graded, as the following 
result of a meclianical analysis indicates : — 

>0’5min.& <linin., 9-2 % ; >0-25 & <0'5,78’1 % ; >0-1 & <0-25, lO'o 
>0*01 & <0*1, 0*9 % ; <0*01, 1*3 %. Total sand-grade, >0*1 mm., 
97*8 %. 

r cs m-FS 8 c s -| 

L9-2’ 78*1’ 10-5’ 0*9’ TS ’ 97-8J 

Washing improves it by removing the fine dusty mateiial. 

The heavy detrital minerals form a very small percentage of the< 
whole (O'Ol per cent.). The assemblage includes only the stable 
commonly-occurring detrital minerals, such magnetite in well- 
shaped crystals, ilmenite altering to leucoxene, and with ciy'stals of 
anatase growing upon it, tourmaline in bluish, greenish, and broWii 
grains (all 0‘1 to 0‘2 mm. diameter), together with tiny zircons 
and rutiles (U'Oo niAi. diameteij). The sandstone also contains 
decomposed felspar. o 

The nlaferial is utilized in the manufacture of abrasive, soaps, 
but shoulc^ also be of much value tor glass-manufacture and for 
refractory purposes. , 

Two miles of good roqji connect 'the mines to Mold station 
(L. & N. W. Railway), w^Jiere it is put uncrushed F.O.R. at*^ 
17s. Qd, per ton. The crushed product can be similarly supplied 
at kbout 205. to 225. per ton. 

Thetavailable resources are ovef* ten million tons. 

The deposits of sandstone at Pant dn and Minera are similar in 
character to that described above, but are on the whole less pure. 
The highly siliceous “sand” front Mow Cop inTJheshire is of the , 
same character and is worked for pottery purposes (see pages *155 
and 161). 


sio, 

APO, 

TiO, 

Fe,0.. 

OaO‘ 

MgO 

K,0 

Na,0 

Loss on igiutioiy 


Total 
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The pulverized materuil obtained from the cuttiijg and dressing 
•of sandstones of Millstone Grit age at R(^sley, in Derbyshire, * 
used for the ^making of qpmmon bottle-gbss imDerby. • 

••§ “ Spital Sand.” 

Worked by Mr. H. A. Walker, D3 Imperial Buildings, Exchange 
Street East, Liver])ool. / ^ 

JLqxs. — Geological ; Old Series, T-ineh, Siieet 79 N.E. 
b-inch, Cheshire, Sheet 18 S.E. 

. Siiuafio)t.—Laf* 21 5 <*lToiuf. 45'' W. 

The quarry is siti^ated at Higlier Behington, near Spital, half a 
mile south-south- west of the Church, and over one* mile west-south- 
west of Rebington Bailwa;;^Station. 

For inn tion . — Keuper Waterstones. 

Idescripfion . — About thirty to fm’ty feet of creamy-white, soft 
sandstone exposed i^i a large quaiTv, showing string faulting on* 
the western side* Like i^iany of the Keu])er deposits, the sandstone 
is fels])atRic, nnfth of the orthoclase febpar having decoltTJTosed to 
kaolin-like material. The santistone, wTiich is easily crushed, 
•therefore yields a pooi'ly- graded de])osit. * Washing would effect a 
considerable improvement in the .sand, so far as glass-making is 
concern edi 

In its present state it is used for making jiale bottles, ^Dublin, 
^Idlfast, etc.), and as a refractory material in the iron, steel, and 
coppei' industries. 

Although the grains are coated in ^laid with white clayey matter, 
the sandf which is about equal in colour to that of Lynn, darkens 
,on burning. The chemical comjiosition is as follows: — 


SiO. 

94’60 per cent. 

A1 ,6,, 

2*99 


0-06 

CaO 

0*20 

MgO 

0-14 

K,0 

L44^ 

Na,0 

none 

Loss on 

0-65 

Total 

lOO'OS per cent. 


Another sample, after beyig washed,# showed an iron-conienr oi 
0'09 per cent. . • 

Although the clayey matter is obje«tionabl^ there is little doubt 
^ tha^ the alumina present strengthens considerably ■^e bottle-^lass 
madt^from the sand. 

The mechanical analysis is as follows : — 

>0‘5 & <1 mm., 0-7% ; >0'25 & <0-5^ 81*7% ; >0-1 <fe <; rao, 

>0*01 & <0'1, r4%; <0-01, 2'6%*. Total sand-grade, >0*1 mm., 
96-0,%. • ► •* 

• pcs B c . S -I 

LO-7’ 81-7’ 13-6’ 1-4’ 2-6’ 96*0 J 
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The microsfopic examination of the rock indicates th^ the 
h^vy mineral# are ren^rkahly well-rounded, but that the variety 
among, the commoDly-o<^currmg minerals is not gr^t. A^lfttle 
magnetite is founa, but^'ilnienite (0*2 m^m. in' diametet) is much 
more ^Uhndant. Yellow-brown, highly rounded gmins of tour- 
maline-fare very plentiful (0*2 to 0*3 mm.), and characteristic Seep 
blue and purplish gmi ns occur. C Tiny zircons and rutiles (0*1 mm.), 
and 3 ^ellow to colourless anatase crystals (0*1 mm.) alsb .sre seen^ 
.Thie heavy detrital resklue amounts to 0*00 per cqnt. 

'fhe Clashing strength,. tes(ted, 3-inch cubes (average of four 
tests) is M50 lbs. per square inch. 

The price is 7-^, 0<f. per ton F. 0. 11. at Sjutak Station (L. 

& (t.W, Joint Railway), and Os. 0//. F.O.R. at Birkenhead. 

The availalde resources are over twenty million tons. 


§ Sand fi^m Caldwell, IT.B. 

Worked hy The Caldwell Sand, Com])avy Ltd., ^>er Win. 1*^. 
Pirrit, tiifTtefhield St., Glasgow. 

Maps. — Geological, f-inch, Shetd 22. 

0-inch, Renfrewshire, Sheets 15 N.E. and 10 N.W. 

Situation. — Lat. 5-r 40' lo", Lony. 4 20' 0 " to 20 ' W.* ^ 

Several quarries occur on the south-east side of thct Barrhead 
Road, i?early a mile north-east of Caldwell Station (Gfasgow & 
South Western Railway). The quarry at jiresent being worked is 
the most westerly of them. 

'Formation . — Carboniferous Limestone Series. 

Description . quarry exhibits about twenty to thirty feet 
of soft decomjxised sandstone of variable colour, from cream to red-^. 
brown. The strata dip north-westwards towards the road, and 
shale is revealed in the bottom of the quarry, underlying the 
sandstone. Pebbly seams occur, and in parts%e sandstone is coarse 
and not well-gi’aded. y ^ 

On ignition the sand darkens slightly to a brown tint. The 
chemical analysis of^ an unwashed sample of the best material 
available for glass-making is as fallows : — 


SiO, .. 

93*74 

Al.,0, 

4*11 

re .,03 

0*04 

CaO 

0*27 

MgO 

0*12 


0*46 


0*03 

Lobs o% ignition 

1*37 


Total . . . . 100*14 per cent. 

Another washed and screened sabaple contained 0*08 per cent, 
ii*on oxide?* 

The mechanical analyses of Washid and unwashed, satnples 
(t^llected at different times) are as follows : — 
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• • 


y 

' 

CS‘ MS. ' FS. 

• >0'5& >q-25& >0*1 & 
<1 min. <0-5. <0-25.. 

Xk'Oi 

<0*1. 

cl 

, <0-01 
myi. 

s. • ^ . 

Total Hand- 
made : 

w — 

Unwashed* 

5*5%, 82-9%.^ 5-8% 

1'1*% 

4‘7 % 

• 94-2 % • 

Washed . 

« ^ 

1 21-0* 69»4 ; ^ 

0*5 

• 

- — 

0-2 

99-3 

•_! 


The mineral aryilysis indicates t^e abundance of large pint and 
colourless Varnel^ (i)-5 mm. ‘dTameter) with good crystal form, 
myscovite flakes mm.), grey tourmaline (OT mm.), limonite, 
ilmenite, abundant zircon and red rutile, and, rafely, epidote. The 
Ijeavy fiiineral crop constitutes O’OS per cent, of the sand.^ 

^The material is crushed m a pan-mill, washed in rotary apparatus, 
and screened b^fore being su])pli|d to the Glasgow steel-area.*i 
Some of the other (fiarries were formerly worked for glas^sancT, 
but at nresenUthe outjiut is taken entirely for refractory purposes. 

The prepare material costs 10^*. ]ier ton F.0.*I{. IfTT'Caldwell 
Station (Glasgow & South Western Railway). 

The available resources are over two nJillion tons. 

IP 

§ S^nd from Kilwinning, N.B. 

Not at present being worked. 

Maps, — Geological, 1-inch, Sheet 22. 

* 6 -inch, Ayrshire, Sheet 11 S.E. 

Situation. — Lat. 55^ 39' 33 ", Long. 4^ 44' 45 ' W. 

The outcrops of white .sandstone occur close to the south-western 
nd of Ashgrove Loch, near to Lochcraigs Farm, about a mile and a 
alf west-north-west of Kilwinning Station. A less pure sandstone 
f slightly differeni^ age crops out by the roadside near Eankend 
^arm, north-east of the Loch. 

Formatidh . — Carboniferous Limestone Series. 

Description , — A considerable area of rough ground and crags 
verlooking the southern end of the Loiih is occupied by the 
utcrop* of a bed of wh^te stftidstone which is apparently over 
wenty feet thick. The sandstone is white and breal^ ^own easily 
a the fingers. It looks decidedly promising for glass-making and 
efractory purposes, and after being washed yields 9 well-graded 
ndfipure sand, which becofnes greyer Rn ignition. 

The chemical composition of an unwashed sample is as follows : 


SiO, 

• 

98-85 lifer cent. 

ALOg 

0-53 

TiO, 

0-0^ 

FeoOg 

0-02 

CaO 

0-11 

MgrO 

0*06 

K^O , 

trace 

Jla.O 

none 

Loss on ignition 

0-38 

Total ... 

, 100*01 per cent. 
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The iroii-cont^it of another waslied sani})le is 0‘028 per centf 
. S^me of the liiaterial #is fine in grain and rather well-graded 
(sk]ji})le h). Other siii^ples collected were inueh coarser, ^MeehartScaJ' 

analyses are as fallows : — 

• • ¥ c< 


1 

vcs. ' 

CS. 

MS. f 

' FS. 

s. . 

c. 

s. 


>1 mm. 

>0-5,.V i 
< 1 mm.' 

\ 

>0-25 A ' 
<0-5. 

^>0-1 & 
<0-25. 

>0*01 & 
<0*1. 

<0-01' 

, mm. 

1 JTotal sai^d- 
; grade • 

! >0*1 mm.' 

Unwashed (a) . 

1.3'5 % 

30-0 y 

% 

' Vi y 

0^2 yr 

0-6% 

1 ^>9-2 % 

Washed (fc) 


.. 0-5 

92-5 1 

5*5 

i 0*5' 

1*0 

j, i)3*5 

K 


[{n) and (h) were different eair'fdea of sand. ] 


A niinei'alogical analysis sh(|\vs the presence of ilmenite and 
leucoxene, limonite, muscovite (Hakes 0’5 nim. diameter)^ brown 
tourmaline J^O’3 mm.), sillimanite, ml nitile* and zircon (0;1 mm.) 
‘among the heavy crop of piinerals, wdiich amoimts to 0'02 per cent, 
of the whole. The heav^v residui? of the sainjile examined was 
rather coarse in grain. 

Difficulties may arise over transport. The neare.st station is* 
Kilwinning, but to reach it half a mile of rough farm-ti'aifk and a 
cpiarter of a mile of fairly good road have to be traversed. ^ 

The available resources appear to be not less than half a million - 
tons. 


§ Sand from Levenseat, N.B. 

Worked ly Messrs. J. & T. Thornton, Levenseat Quarries. 

Maps. — Geological : 1-inch, Sheet 31. 

6-inch, Edinburgh, Sheet 10 S.E, 

tdifiiafion.—Lai. 55^ 48' 30 ' to 4o", Loag. 41 #0" W. 

The sandstone is being worked in several (puirries, about one and 
a half miles east-soutb#east to south-east of Fauldhouse Station, 
and one mile south-east of CroftheaTl St:\,tion (Caledonian Kailway). 
The chief qu^iTy is the most southerly and lies on higher ground 
about three-quarters of a mile south of Levenseat Hamlet. 

Formatioif . — Millstone Grit. 

Description . — The best faf*e of sandstone is that revealed in* the 
quarry on the higher ground, *where a thirty-foot wall of the deposit, 
pra^ticall}" free from «overbur(len, is to be seen. In the lower 
quarries several feet of Drift occur above the bed, and shale is nJI^t 
with about four feet below the door »f the pit. In all, the workable 
sandstone bed is probably about eighty feet thick a,nd cov^^rs a wide 
area.* The ^tone, yellowish to brown in colour, has decomposed 
until it breaks down readily intb sand® when rubbed in the fingers 
or on being dropped into water. On ignition it darkens to a red- 
brown tint. Much of the yellow or. brown staining washes away 
freely from the grains of quartz, clayey matter is ren^pved from 
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th# decomposed felspar, and a well-graded creaua-coiourea s^a 
yielded. On ignition the Avashed produ^^t becomA slightl}^ darkei 

’ ? • 

The dhfimiciil Analysis of a washed sample is astfollows^ 


SiO., 

99 '44 per cent. 

ai,6t 

0-16 

TiO,/ 

0-04 

Fe.O;^ 

0-03 •» 

OaO 

{)-m 

MffO 

none 


‘none 

Sa.O 

none 

L'<»hb on ig'mtion 

0-19 


^ ,)tal lOO'Ol per cent 

JVTore being ’washed, a sam])le (jf the sand was^founcl to eonbii: 
0‘()7 p(y' cent, of feme oxide. 

The result' ’of washing is also to improve the gr.idj^ very con 
siderably— indited, a well-graded materialpis prod need . — 


* 

CS. ' MS. 

>0'5 >0 25 A 

<1 mm. <0-5. 

FS. 

' >0*1 & 
<o-2r>. 

R. 

>0'01 

<0-1. 

c. 

<0*01 

mm. 

s. 

Total sand- 
. grade • 

( >{)•! mm. 

Unwashed 

3-7%, 88-5% 

1 Z 

0-2 Z, 

FO 

98-2 

WaBhed 

; 04-3 
grams. ; 

1 > . " 

0-1 

0-1 

99-8 


The mineral comjiosition of the sand calls for little note and th 
heavy crop amounts to only 0*09 })er cent. The most commonly 
occurring heavy defrital minerals are ilmenite altering to leueoxene 
«ircon, rutilfe, and browm and grey tourmaline. The heavy residu 
is line-grained, the average diameter being 0 I mm. 

In its uiuvaslied statts the sandstone, after h.iving been crushei 
in a ])an-niill and sereened,^is sefittothe Kdinburgli district for th 
making of green bottles, floats, etc. The alumina> jyesent add 
eonsiderably to the tensile s?trength of the glass. Arrangement 
have now been made, it is .satisfactoiw 1o add, hy Mi’‘. Hugh Kei( 
of Motherw'ell, to wash tfie sand in '’tank-w'ashers. d'he washei 
product should he of high (jualitv,°and, as the above analysi 
indicates, of great value m the steel'^induslry for hirnaee ])urpoiiBs. 

•^Ihe unwashed crushed material is ])ut F.O.ll. at Oroifheai 
Station at 9^. a ton. . _ . . j 

The available j’esources are jirobably over fifteen million tons. 

\,Other Carboniferous Sandstones of the Midland Ahilley of Scot 
la^have been* worked extensively for building-stone. Amonj 
these^re the rocks from Cowie and Pleari, tw^o localities nea 
StirlingSJJjngscavil, near Linlithgow, Glenboig, and Hailes nea 
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Edii^urgh. Moat o£ these are soft greyish-white or pale brcfWn 
sandstones, with tccasionai carbonaceous layers. 

The sandstone of C(^i'alli^ age which is associated wi^;h coal aiad 
oil-shale (“parrot”) at Brora is greyish-white, and is fine 'and 
regular ii^- Jrain. Tlie best exposure is ii'i Clyneleish Quarry, half 
a mile north-west of Bif ra,, but although tlie rock is fairly soft, il 
could not be crushed and transported to a glass-making area at 
other than a jwohibitki’e ])rice. A cerbiin amount of sand, the 
re^uft^of rlecom])osition hi the rock, is also to be found. The 
material is not pure enough fW tlje, making of ^ood glass-ware, 
fhe iron-con^tent (as Fe,0.j being 0T2 ]>er ('cut., but it min^it 
serve for refractory,])urpo>eh. 


§ Sand from Ballycas];le, Co. Antrim. 

Not at ])reseRt being \\ork*ed : Ball\ castle Estate,; Agent, 
Capt. S. J. Lyle, M.C. 

AT^r^jif.-^r^inch Geological, Sheet 8. 

6-inch. Co Antrim, She( 4 t <5. 

Situation. — Lat. 5d 12* d() ', Long. 6 11' to 6 BT \V. 

The exposures of cream-coloured sandstone occur in the efiff- 
sections, east of Bally castle, from White' Mine to Gobb, a distance 
of about a* mile. 

Formation. — Lov\ er Carboniferous Sandstone, 

Description . — About sixty feet of whitish sandstone occur abo\e 
the Main Coal of the Ballycastle Coallield. In the ujiper portion 
shale bands occur, and the best sandstone material is the Cp^st” 
which forms the roof of the Main Coal. The sandstone crops out 
along the shore and is visible in the cliffs at White Mine, where it 
is seemingly purest and best-graded, Gridin Mine, Gobb, and other 
places. Much lateral variation in jjaidicular Sandstone beds is to 
be observed. The Main Coal is at jtresent workedoby Messrs.^ 
Heckie, Aiton <fe Kerr (Ballycastle C’olliery). In view of the 
proximity of fuel, availability of machinery, and abundant water- 
supply, it should be possible to work and treat this sandstone 
economically. The rock is soft and ehsily crushed. It would 
also need wasting and screening. 

The sand,® which is cream-coloured, becomes browner after 
ignition. The chemical composition is a,s follows : — 


SiO, 

98'57 per cent. 

A1,0, 

0-52 

TiO, 

0*05 

Fe,d, 

0-02 

Cab 

0-20 

MgO 

0*05 

K,0 

0*06 

Na^O 

•0*0,5 

iLoss on ignition 

0*42 

Total , 

99*94 per cent. 
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« 

•riie mechanical composition of a crushed : — 


j»- 


• 

GS. MS. FS. ’ , ® 8. • 

>>0-5 &' >025 & 1 >0*1**& >0'01& 
<1 mm. <0’5. 1 <0*2,'). <#’l. , 

<0-01 

mm. 

■; • s. 

L'iotal sand- 
1 * grade ^ 

• >0*1 mm. 

Un’swfcslrtid 

:v3 y S2-8 : ^2-0 ; 1-^ ' 

0-8 y| 

• OS'l 

tViihbed 

, />-.3 87-3 0*5 ?»•(; , 

0-3 

• 99^ , 


t Jn mineral ccmiposition, the sandstoiu' n'^mihles other Coal- 
Mca^^ire Sandstones of the north of Ireland. The heavy residue, 

I forming O'U'l per cent. the sand, i-- coarse in grain, Jiiid consists 
cliietly of the ^tahle and common mina'i’als, zircon, rutile, limonite 
(all about 0’2 imp. in diametlr), muscovite, (0 4 mm.), iwucT 
anatase. * 

Thtii ]•ail\^%y faeilfties are* not good (the llaUyc"^^,e Railway 
links Hallycastle to Rallymoney on the Midland, N. C. I., Railway), 
but a ])ier and a jetty are also close at^iand. 

.Messrs. Heckie, Alton it hCerr ])roi)ose to uork the deposit 
White Mine, and the Briti>h Silica Minerals Company Ltd. 
that Gobi). The material, being a liigh-silica sand,ps of value 
,as a refractory material (for furnace-linings, etc.) as well as glass- 
making. 

The available rc'sources are undoubtedly large 


§ Sand from Cookstown, Co. Tyrone. 

Worl'cd hy Richard Cluff, Es(p, Kildress House, Cookstown. 

Jii^i'^i&'.—l-ineh Geological, Sheet 2(1. 

•(i-inch, Co. Tyrone, Sheet 29. 

Siiuatnm. — Laf. 54 88' 40", Lony, 0 47' 0" W. 

TTc pit is situated in the townland (l^ Lower Kildress about 
half a mile east of Kildrt^ss House. 

Formation . — Calciferous Sandstone (Ujiper Group), 

Description . — About thitty feet of soft sandstones ai’e exposed in 
the pit which is by the side of the small stream ^nown as the 
Bullinderry River. The*upper poidion is stained red and brown, in 
part as a result of the percolation ^f peatv waters and in part by 
oxide of iron. Ferruginous bands, often Afedge^shaped, also #ccur 
Ibwer down, but the iron oxide is not nresent in large qijantity, 
add washing frees the quartz-grains easily from the pii^v pellicles. 
Soiiie syc or ^ven feet of pure white sandstones are seen. The 
sandstone is thoroughly decomposed and washing in \^^ater pelves to 
disintegrate it. Screening? howeVer, must be adojited to free the 
product from quartz-pebbles and harder sandstone pellets. 

^ The red sands darken ii> colour on ignition, and the cream- 
cqloured ^and becomes greyer. 
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Th^ chemical cmnposition is as follows.: — 


sia, 

96*97 per C3ent. 

Al.O, 

1*61 

Ho, 

0*04 

CaO 

0*20* 

MgO 

0*11 

K,0 

0*15 

Na,0 

0*03 

Loss on i^^nition . 

0*72 

TotaJ 

^9*83 per cent.( 


The iron-content of a washed sainjdeof ml sand is0‘04per cent^, 
and of the ci*eam-cof(mred sand, ()-()2 ])er cent. 

Much clayey material (kaolin) is sent — a result of the . 
.decomposition of felspar, ^fter being washed, the sand is welb 
graded, as the following mechanical analyses indicate : — 


S. 

Total sand- 
grade • 
>0T mm. ' 

, 9Cv3 % '' i 
99-2 1 




cCS. 

MS. ! F^. b: 

C 

. f 

>1 mm. 

>0*5 & 
< 1 mm. 

>Cf25&' >0*1 A >0*01 A 
• <0*25. <0*1. 

<0-01 

mm. 

1 

Unwashed. 

1-8% 

9*7 % 

80*6 % , 4*2 % 0*3 X 

1 3*4% 

Washed 

1 

.0 

8-1 

79*0 10*1 0*3 

, 0*5 i 

1 


The heavy mineral residue (0*03 per cent.) is fine in grain and 
consists mainly of zircons (O'Od mm. diameter). Other mi.nerals 
noted were yellow rutile, anatase growing on ilmenite, and brown 
and blue tourmaline. 

At the present time tlie mixed and unwashed sand is sold for 
bottle-making in Belfast at about 20*'. per ton. '‘which represents a 
^cost of 14s. ^d. per ton at Cookstown Station. From.fthe quarry c 
to the station tliree miles of road- transport are necessaiy. If the 
white sandstone were v^shed and screened, the material would 
serve for the making of glass of muck better quality. Water-power 
and an abundant water-supply are available. 

The resources are difficult to estimate, but are considerable. 
The liability of the rocks to vary laterally introduces difficulty in 
compu'tation. 

‘^Sand from Coolkeeragh, Londonderry, 

On the pastern side of the Foyle, and north-east of Coolkeeragh 
House, five miles north of Londonderry, a small excavation Jias been 
opened hy Mr. John Burns, the owner of the estate. Soft white 
and pale-reddish sandstones are* visible, apparently of about the 
fame age and veey similar in appearance to those ^t Cookstown, 
etc. (Upper Cafciferous Sandstone), ^he same rock occurs also al? 
White Castle on the shores of the Foyle, but is much less ofccessible, 
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ThI Ooolkeeragl; rock bi’eaJcs down very easily, difiintegmting^hen 
}jlaced in water. In its present state i^ serves wr bottle-makings 
• bift if washed and screened would be ^sef uk for better-ckiss glass- 
making. ' On ignition it becomes -greyer, and tfie chen^^l com- 
^)^sition of an unwashed ‘sample is as follows : — * 


SiO, 

84*96 per cen1 

A1,0, 

8*59 

TiO,' 

0-1 8* 

. Fe„6, 

o-fs 

tiJab ■ 

. 0-34 


0*31 

ILO 

4-54 


0-08 

Loss on lotion 

1-54 


Total lQy'72 per cent. 


Ano^het sample collected by the writer contained O' 13 per cent, 
of fen'j^c oxide, while* the content of a washed sampj^was 0*075 
per cent. * ^ 

Washing removes also the •kaolin yielded by the decomposing 
felspar, and results in the in’oduetion or a well-graded sand, as the 
following meclianical analyses indicate ; — 



vcs. 

cs. 

MS. ; 

FS. 

8. 

c. 

S. 


>1 mm. 

>0-5 & 
< 1 mm. 

>0*25 & 
<0*5. 

>0*1 & 
<0*25. 

I 

>0*01 & 
<0*1. 

<0-01 

mm. 

Total sand' 
grade • 
>0T mm. 

Unwashed 


7*1 % 

75*9 % 

"■5 7 . 

3*0 % 

6*5 % 

90*5% 

Washed . . 

1*1 % 

2*7 

90*4 

4*6 

0*5 

0-7 

98'8 


* The mineral assemblage is like that of other sandstones of 
similar age in northern Ireland (Cookstown, Bally castle, etc.), the 
commonly-occurring heavy mii^erals (whi?h form 0*05 per cent, of 
the sand) being muscovite and chlorite (flakes O'Gmm. diameter*), 
brown tourmaline, small irrggular and angular garn^t^ (0*1 mm.), 
small zircons and rutiles, leucoxene, and plentiful am^se, in yellow 
tablets or growing upon ilmenite. • 

I The deposit is favourably situated ^or transport. The Midland 
Railway (Londonderry to Colerair^e and Belfast) is only a few 
[jards distant, and the deposit is close to the River Foyle. * 
JFm’ther exploration is desirable before the resources Tan be 
estirna.tfid. 


“ Port-a-cloy Silica." 

* This material is appai'entlj^a decomposed or crushed quartz-mica 
schist (Dairadian), and is to be worked by the China-Clay, Felspar,' , 
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<fe Compan\']^Ltd. It is found near Stonetield on Poi-t-a-cloy 
Bay, Co. Mayo. {Lat. 54 '^19' 50", Long. 9" 47' 0" W. Geological 
Maj), 1 -in/'ll, Sheet 40. J c ‘ J o' 

A elieipieal analysis carried out hy Dr. H., F. Harwood yields 
the^ following result : — 


SiO, 

70*47 per cent. 

A] .6. 

12*00 

TiO. 

0 31 

Fe 6. 

1*82 

Cab 

' 0-12 

MgO 

0*45 

K Om 

5*05 

NaO 

0*31 

Loss on Ignition 

2*9*4' 

o 

Total 

100-13 per cent. 

With til’" liorld be coniiiared the 

analysis of another sample 

r. .1. H. Davidson, M.Sc.,n>f the Denartment of Glass Technoli 

the Cniversity of Shefhell : — 


SiO. 

75*00 per cent. 

Al.b, 

14*83 

Tib, 

1*09 

Fe b, 

Cab ' 

1*02 

trace 

MgO 

0*44 

Alkalies a^. snlpliate 

3*54 

Loss on Ignition 

3*97 

Total 

99-89 per cent. 


In each case the iron and titanium are high, and, being elements , 
which militate against the making of good glass, should be removcHl. 
The titanium is ])resent crystals of rutile, some of which in the 
uncrushed rock are of considerable size. The extraction of the 
iiftncral is a ^difficult })roblem. Washing and electromagnetic 
treatment may possibly imju’ove the ircxn-content. 

Sam}}les of v/ashed material yield the following result : — 

{B) Fe Oj 0-09 per cent. ‘•C) SiO^ 80'48 per cent. 

«- Aip, 11*57 

Fe,0, 0*23 

Loss on if^nition. 3*25 


Total 95*58 (partbl analy* 
sis only). 

The sand is grey in eolour^nd darkens on heating.'^' The material 
is poorly graded, mechanical analyses of some samples being as 
follows *. — 
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CS.' 

MS. 

FS. 

«. 

e 

cl 

S. • 



,>0*5 & 

;lo*25 & 

>0*1 A 

.>0*01 AJ 

<0*01 

Total sand-grade:- 



<1 mm. 

^0*5. 

<0-25.^ 

<!o*i. 1 

myi. 

!>0*1 mm. 

(a) 

t^treated 

2*6 % 

.S5*6 % 

29*8 yj 


3-9 % 

* * 88*0 g 

(h) 

Washed ‘ 


: 49*7 1 

44*7 ' 

4*.? 

1-1 i 

' * 94*4 

(C 

Mixture 

a 


24*2 : 

1 

4^) 

9*0 

• 

10*8 1 

1 ^ 80*2 


(a) was an untreated sample , (b) was a washed sample treat^d^«r ifon 
oxjde, and,coarse-i^Teened , (r) ■v»af* a Sample produced by minng (b) with, 
‘‘sMiea and ^luminS. ’ "hashed out of (a), to make about 8 per ceAit. of alumina 


In mineral com})ositi()n, t]>e sand consists almost entirely of 
/juart* and muscovite niiil*a (Hakes ()‘5 mm. diameter), ^xvith some 
rutile (0‘05 mm.j, chlorite (0‘2 mm.), dmenite and zircon. 

§Tlie StiperXluartzite, at tlie liise or tlie Ordovician system, is 
worked on*a lai'^e sci!le for road-metal, liltration, aiVl refi'actory pur- 
poses, in the Ciranham'^ Moor Quarries near Pontesbury, Shropshire. 
{Lat. d7' -fU", L()i(<j. '1^ o4' O" W. ; O-inch mapf Sh(^ 40 S. W.) 

The quartzite is reduced to j»mall fra^iients by jaw-crusliers, but 
so far as the writer is aware, lias not been tried for ^dass-making. 
The crushing strength is d2,0U0 lbs. per square inch (see])age 129).* 
The ro<?k is much shattered and iron-stained in places. An average 
sample of the pure white rock yielded the following* chemical 
Analysis : — 


SiO, 

96*47 per cent. 

A1 ,6, 

2*24 

Fe‘0, 

0*06 

CaO 

0*21 


MgO 0 12 

K,0 0-58 

Na^O 110110 

Lost on ig’iiition 0'59 


Total 100*27 per cent. 

The alumina and ])otash ]jejcentages ate explained by the pre 
sence of numerous grains of fels})ar in the rock. , 

The price of the stone, ground to pass any mesh •up to 100 per 
linear inch, is approximately £5 jier ton F.O.K. f^t Pontesbury 
Station (L. &N. W. & G.^W. Railways). All grades of grit, after 
bei^g washed, are similarly supplied a^ prices varying from 12s. 6(1 
to 37s. 6(/. per ton. 

^The quartzite of pre-Cambrian age (I^lradian) occurrinyin the 
Appin Quaidzite Quarries near Kehtallen, Argyllshire (owner, 
Lt.»Col. ,W. Macalpine Downie), is worked for acid-filtmtion, 
grinding, and refractory purposes, but has not yet iieen utilized 
for glass-manufacture. It ’is very liard and compact, and on the 
whole of good quality (see chemicai analysis in TaWe on page 155). 
The crushing strength is 32,200 lbs. per square inch (see page 129). 

Similarmjuartzites occur in Islay and J ura. 
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§ ^ compact and good quality quartzite is worked by Messrs. Wm. 
Wdd & Sons inex^ensive qifcames on Holyhead Mountain, Anglesey. 
It is crashed and usfd for the making of ^ silica -bricks, and ^lor 
“gannisjber” for dining Bessemer converters, etc. In places it is 
very pure", out joint-planes stained with ferruginous matter spoil it 
fof use in glass-making. The quartzite is of pre-Cambrian age 
■and frequently exhibits a foliate*’ structure. It is traversed by 
abundant quartz -veins. The chemical composition of a typical 
sample pf rock is as follows : — 


SiO, 

99*32 

Ab03 

0-19 

TiO 

0-03 

Fe ,03 

0-02 

CaO 


MgO 

0-.8 

K,0 

none 

JJa.O 

none 

Loss on ignition 

0-21 


Total . 99‘97 per cent. 

i 

§ A similar quartzite, byt less pure, has been worked at Forth 
^Wen, near Amlwch, Anglesey. 

The vein -quartz from Slieve More, Achill Island was formerly 
crushed and supplied by the Irish Industrial Minemls Company, 

Westport. 

The chemical conqx>sition of a sample of the crushed rock supplied 
(quality No. 3) is as follows ; — 


SiO, 

AbO,, 

Fe.O, 

CaO 

MgO 

Loss on ignition 


99'20 per cent. 
0-24 
0-04 
0-09 
trace 
0-23 


Total . . 99-80 per cent. 

The uncrushed rock contains 99*51 per cent. SiO.^ and 0*004 per 
cent. Fep,. Some of the iron seems to have been introduced as a 
result of crushing the material (see page 128). 

The flaky form of the crushed product is seen in Plate IV.fig. 5 

Mechanical* analyses of numbered samples supplied are as 
follows : — 


c 

Quality 

CS 

>0-5 & 
<1 mm. 

e MS.., 
>0-25 & 
<0*5. 

A V 

ft. 

>0-01 & 
<0-1. 

c. 

<0-01 

mm. 

S. 

Total ftand-gradf *. 
>0-1 mm. , 

0 



0-3 % 

0-7 % 

99-0 % 

,0*3 %., 

1 . 


few grs. 

3-5 

1-8 

94*7 

3-5 

la 


2*0 % 

17-9 

36-5 

43-6 

19-9 

^2 .. . . 

0-2 % 

9-0 

53-5 

23-5 

13-8 

62-7 

3 

I'O ‘ 

85-5 

11-6 

0-4 

1-5 

^ 98-1 

'4 

54-9 

42-9 

0-5 

0*2 

1 

1-5 

98-3 " 

u 
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Examination o£ the samples for heavy detrital minerals by m#ins 
of ^ bromoforai revealsythe fact that, in •the crusned material of 
quaftty 3^ as •supplied, \ large part of the cr<lp o:^ density* greater 
than Z*8 (O’l per cent.) consisted of rust-reddened met^lhc iron 
eagjly attracted by a bar-magnet. Mos^ of the remainder oi 
the residu'e consists of flakes of a greenish biaxial mica (0'3 mm, 
diameter), containing plates and (J^ndritic growths of hematite. * 
Befom the war, the No. 2 material fetcli^d 27s. to 30#. perjl^on 
for use in the making of abrasive soaps. * * 

folmted rfticaceous qftaftzfte has also been worked at • 
Xiltfownet in the'south of Achill Island. 

At White Rock^ about four miles north -wesf of Tinahely, Co. 
WickJoiV, a knob of vein-miartz occurs associated with quartz-mica 
schists. The mass forms ic^prominent feature on the landscape, and 
is at least a hundred yards long by lift/ yards wide. Quarrying * 
indicates that it is moi*e than thirty* feet deep. Tlfe rock quarried' 
ts a pure^white vein-quartz of good quality. It is carted to Tinahely 
Station hy roa^ and thence delivered on the quays* at ^klow or ' 
Dublin. The cost at Arklow of,*the uneruShed rock is about 6.s‘. dd. 
])er ton, and at Tinahely Station about 45.*6^/. Crushed, rolled, and 
screened material (1 inch to inch) can be delivered into an ' 
English port at from 2Hs. to IjOs. per ton. Larger-sized material 
could be similarly delivered at about 255. per ton. • 

*The quartz is said to contain 99’50 per cent, of silica. The quarry 
Is worked by Mr, E. Page, Woodenbridge, Co. Wicklow. 

Similar vein -quartz has been supplied from near Ynyslas Station, 
CardigaD shire. The crushed product is far from well-graded, and 
its cost is prohibitive for glass-making. 

Veins of quartz are of wide distribution among the older rocks 
of the west and north of Ireland, Wales, and Scotland. They are 
not often sufficiently "thick or persistent to be of economic value. 
Samples hav^been collected from Anglesey, the Lleyn Peninsula,. 
Plardsey Island, and other localities. 
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CHAPTER Vlll. 

Resources or G^^^ss-Sands, etc. { continued ). 

B. Deposits< carrying Alxtmina and Silica. 

Alumina commonly occurs Cn , salads and roclis use4 for glass- 
making ill the form of the mineral felspar br Uie dfjcomposition 
product, kaolin , (china-clay), which results* largely from rthe 
alteration of felspar. Certain rocks— 5 ^, s, for example, thosje of the 
Triassic and Carboniferous Systems- — ar^'rich in decomposed felspars 
and contain a certain amofint of clayey material. This renders their 
-^crushed producjts jxiorly-gradei , hut the smal^ proportion of alumina 
present may actually he an advantage, as in the case of hottld 
making.^whei;^^ strength and toughness ale requiild in the glass. 
Unfortunately, most British sands bearing a higii proportion of 
alumina contain also mu^di iron, and are useless for the manufacture 
of glass-ware other than common bottles. 

A prejudice against alumina in sands for bottle-making wae 
formerly met with, but it is now slowly dying out. In tare cases 
alumina is even added to the batch for bottle-making. Dr. W. E.^S. 
Turner, of the Dejiartment of Glass Technology in the rniversity 
of Sheffield, is of the opinion that, far from having a tendency to 
•cause devitritication, alumina if in moderate amount has just 
the opposite properties and will prevent glass fi'om denitrifying. 
Experiments have shown that when alumina is added to a window- 
glass batch, the glass which is produced does not undergo devitri- 
fication when heated in a blow-pipe flamCf If the amount of 
alumina is high, it is possible for a clouded glass to be produced, 
as when felspar itself is used. According to the investigations ‘of 
Singer *, it is possible to add to a glass-batch containing alumina 
more sand and more Kme, and to, reduce in proportion the amount 
of alkali, thereby cheapening the cost .of production. 

Of the sands and rocks described or mentioned in the foregoing 
pages, thosjB from Sandymount Strand (Dublin), Parsley Hay and 
Brassington (see below), ^Charlton, South Cave, Huttons Ambo, 
and Levenseat, carry appreciable, and sometimes large, quantities 
of alumina t- c 

^ The sand fr6m Sa'ndymount Strand is used in the Dublin black- 
bottle industry. To give greater body ” to the glass, brdken 
lumps df Bridgwater or offfier homogeneous brick are added fo the 
ba^h. The brick is red and is highly ferruginous, as fiie foUowinpg 
analysis indicates : — 

* F. Singer,*^* Die Keramieche Eundechau,’ vol. vo 1915, “ tJeber den 
EinfloBS von Tonerde auf die Schmelzbapkeit von Glaeem.’', « 

t See note on page 34 referring to eand from Martinroda used for fher- 
mometer-glass. 
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SiO,\... . 


TiO/ 

Fe.O, 

Feb ■ 

CaO 

MgO 

K,0 

Na,0 

MnO 


of Bridgwater Bricic^ 


>8*20 (j^er 

[6-42 

1-29 


6*^ 

0-13 

7-37 


3*02b 

3-«5 


0-93 

0-13 

0-07 

0-08 


Loss on Ignition . , 2 "50 

[H^O antl^arbonaceous 

matter . 

Total^ . ^ l(t?)*53 per cent. 


The* addition of tl^3 hi’ick jncrease.s tlic depth of colour of the 
bottles, and •undouhtedly strengthens them hj^toiig^iening the 
glass — a result of the addititiMi of the *16^ ])er cent, of alumina. 
This is a distinct advantage wheiv the •bottles have shoulders and 
are required to stand considerable pressure from contained gases. * 
In tjie 8t, Helens district a baked clay is added to tlie batch for 
the same purpose. A ])artial analysis of such a baked •clay from 
^Vlessrs. Nuttall’s works is as follows: — 


SiO, 

A1,6, 

TiO, 

Fe ,03 


03*99 per cent. 
15*17 
0*05 
0*13 


Total 85*94 per cent. 


“ Spital jantl ” is used for bott)(;-making, and contains almost ^ 
^ per cent.' of alumina. The sand from Woi’ksoj) is similar in 
mineral composition and might well be more extensively used in 
the bottle industry of A'ork^hire, whi(?h is located close at 
hand. t ^ 

Eaglescliffe “sand,” mentioned in Chapter X., iif a* chemically- 
treated rock of the same age. The iron-content ^as been very 
much reduced (see analyses), but tl^ alumina, forming 3'51 per 
•ceiTt., has been retained.* The Stiver Quartzite and the Appin 
Quartzite are fels^iathic, and in g^nsequence contain about 2 per 
<jent. each of alumina. The Port-a-cloy 'rock •has already fieen - 
(fescribed (page 93) and contains, before gashing, 12*66 pa* cent, 
of alumina. A washed material froln it contains still* 0*23 per 
■cent, of* iron oxide (Fe^,) and 11*57 per cent, of al^ina. 
Kaolin-bearing sands and crushed rocks cannot bt washed to 
reduce the iron-content wUhout loss also of the alumina (se% 
for example, the analyses of Huttons Ambo san6.s on page 65 : 
Before Washing, 3*68 per ceflt. Al^g, 1*28 per cent. Fe^^Og ; after 
washing, '1|*84 per cent. Al^Og, 0*03 per cent. Fe.Pg). V 
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Infaddition to ‘the above, the following alumiiia-bearing safids 
arid rocks may beunention^d : — 


(fl) Sands, Clays, bic. 

§ Kaolin, as pre])ared in Cornwall and Devon from the altered anil 
decomposed g]*anite, is used in 4;^ass-making where resistant or 
tougl^ glasses are recpiirhd. It is added to the batcli in the hsual 
way, bii^ shnce it is a reiractorv body, greater heat 'is required to 
get it into solution than is uWui^'lw required in glass,-making. 
Moreover, aggregates of the mineral sometimes' form and itVe 
difficult to melt up. They tend to remain as^ “ stones.'’ Any 
natmul sandy deposit tlierefore which i.s low in iron-contei>t and 
rich in kacfiin. and has its sand>grains cc/ftted evenly by the latter,* 
tils of considerable vahie for yiartieular /glasses sucli as those used for 
chemical and plucrmaceutical pifrposes (labora^tory ap])aratus, com- 
bustion tubing, thermometers, am])oules, etc.). Such materials- 
Cannot, of wsursij, be well-graded. * ‘ , 

The kaolin resources oT’ England , have been carefully described 
in detail by .1. Allen H<^we, in a Memoir of tlie Geological 
Gurvey. “ A Handbook to the Collection of Kaolin, (diina-Clay 
and China-Stone in tin* Museum of Practical Geology ^1914). 
Since the ^moduction of the Handl)ook, fre.sh but smaller resources 
have been discovered at Holyhead Mountain, Anglesey (worked by 
W. Wild & Sons Ltd., Brassfounders, Liver])ool St., Sheffield), and 
Port-a-cloy, Co. Mayo (The China-Clay & bYdsjiar Company Ltd., 
Dublin), as well as a few other localities. 

In the preparation of china-clay (of theoretical composition 
Al^O, . 2SiO_, . 2H,()), great care is taken to eliminate all micas, etc., 
partly because of their coarseness and ]>artly because of tlie alkalies 
and alkaline earths in their composition whiih render the clay 
less refractory. For glass-manufacture the small quantity of 
alkalies in the settlings known commercially as “ micas ” is nolf 
objectionable and may even be advantageous. An analysis of 
“ coarse micas ” mechanically sepaitted at the Standardised China- 
Clay Company’s Works at Poche, Cornvtall, is as follows : — 


SiO, 

l8’18 per cent. 

A1,0, 

36'14 

TiO., 

0-^5 

Fe.,0, 

0-98 

CaO 

0'13 

lAgrO 

0-28 

K,0 

2*12 

Na,0 

0-23 

Lobs on ignition 

11-93 


Total 100'14 per cent. 

The tips of rejected coarse material from the kaolin workings in 
Devon and Cornwall contain high sitica and fairly high alumina'- 
content. The tourmaline could be extracted by electiomagnetic 
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jIa^lin-bearing sands. 

m^ans, and the. alumina .is mostly present as %nicas, kaoliii, and* 
pai-tially decomposed felspar. The deposits are ]Joorly graded, con- 
tlining mitch coarse\iuartz and felSp^^r. lit is a pity th§ material ' 
cannot be made use .of ; sands with a good proportion o^ alumina 
desirable for certain glass-work, and a market is badl^'needed for . 
the rejectamenta from the kaolin-works. * The material is utilized 
for the .making of refractory bjJcks. 

• 

§ Refractory Sands, etc., of Devonshire. 

‘•The (reposits%oeiur in two well-marked basins, souih and north 
<^f IJartmoor re^})ectiv(*ly. 'Flic ])asin of Bpvey has long been 
known and has fre(piently been deserilH*d and discussed*. Kaolin- 
bearing sands and hrec^i ys, associated with lignites,^ have been 
worked on a large seal? at HeathlitJd, and also near Newton 
Abbot. For the greater jiaia, tlif sands bear too much tourmalin# 
(boro-siliftate of aluftiinium and iron) to be of use*for glass-making, 
and tl]^ elec^i’omagneitic sepawition of the mineral would prove too 
expensive. The deposits are of consk||jirable value tor refractory 
purposes. • ^ 

The second basin occurs lutrth of Hatherleigh and south of 
Torrington, in North Devon, and has not yet been described ifi 
detail* In recent years large o]x‘n-cast workings and mines have 
been made in oi’der to obtain the ])eaty clays and claye^t^ sands for 
the making of fire-bricks and for jiottery ])ur])oses. The material 
is kaolin-bearing and undoubtedly derived from the Dartmoor 
Granite. A chemical analysis of Torrington sand is given in the 
Table’on jiage Id 7. 

§ Sands, etc., from St. Agnes, Cornwall. 

Sands of white fb yello^cish colour, fels})athic and kaolin-bearing, 
occur in association with refractory clays near St. Agnes Beacon,* 
Cornwall. Tlie deposits, which occur on the 400 ft. platform, are 
believed to be of Pliocene age. They ha^e been used as refractoiy 
materials, but are of limited extent and thickness. The principal 
pits are close to Beacon ^^ottage, one mile west-south-west of the 
Church and half a mile north of the Beacon (west and west-north- 
west of the Cliurch). The best whitish sand occurs below red 
sa;Kl and “ candle ” clays. The material can be shipped from 
Trevanaunce Cove or Chapel (\)mbe »ear by, or carted to St. Agnes 
Station (two miles). The resourct?sof the^irea ^t^uld ver\^ soon be 
ixhausted. 

§ Kaolin from Anglesey. 

6n ifolyhead Mountain, Anglesey, several dykes, occur "in the 
pre-Cambiian quartzite (sw page 96). They have a north-south 
strike and vaiy in width from about twenty feet to a very sm^l 

* See, for example, Mem. Geol. Surv., “ The Geology of the Country 
•round Ne%ton Abbot ” (Sheet 339), 1913. 
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‘amomt. It is difficult to say what the original rock of these dykes 
has been. In plates, the c&ay now filling them is somewhat san^'j^ 
but in others the clayey material is so pureras to clisoeunfcenairce 
the suggestion ihat they were originally .microgranite. The 
presence Oi quartz-veins^in the adjacent rock, and at times tbft 
abundance of limonitie matter in the dykes, together with plentiful 
evidence of alteration of the quartzite walls of the veins and dykes, 
suggests .h^^drothennal Action and that the dyke-materials in their 
praserkt^^fcmu may be secondary in origin. The dj'^ves at present 
being worked occur in Messrs. Wha. Wild & Son^’ quarry, wheve 
the clay has!; been used as a binder for the Broken quartzite 
making “ gannisteiV’ for lining steel-con verters^. A very good 

grade kaolin has been washed out of the material from another 
of these d^es. The chemical com posit iqfa of a sample of the raw 
jnaterial, udiich is a claye)^fcand, is nj^ifolk)ws : — 


^0, 

A1,,0, 

ViO.. 

FeO' . 

Fe,0, 

Cab 
MgO 
K,0 
Na ,0 
Mnb 

Loss on ignition 


94'90 per cent. 
2-31 
0-45 
0-48 
0 15 
0*13 
0*12 
0-74 
0-02 
trace 
0-68 


Total 99’98 per cent. 

The alumina-content of this sample is surprisingly low. It 
probably cannot be taken as typical. 


§ The Refractory Sands of Derbyshire and Staffordshire. 

The irregular accumulations of sands and clays which occur in 
hollows in the surface ftf the Car|goniferous Limestone district of 
3>erbyshire and Staffordshire are well-known on account of their 
highly refraetcay character. They have been mentioned by Geo. Maw, 
J. Allen How^ Dr. A. Strahan, and others, but no systematic account 
of them seems to have been yritten. At prasent they are utilized 
for the making of high-cla|is silica-bricks, when variability® in 
iron -content, up to several per yent., is not deti’imental. Selected 
depcfeits of white “to cream-coloured sand or clayey sand might be 
of considerable value for glass-making, but the available resounjes 
are very limited and it will be difficult to keep to sample. 

Thq^ kaolin -bearing sands are free fiom alkalies, Ikne, etc., 
and at time* carry very little iron oxide. They are worked at 
Qarsington Pastures, near Harborough*Bocks, at Longcliffe, Low 
Moor, Friden, Blake Moor, Parsley Hay and Alsc^ en le Dale in 
Derbyshire, and also at Ribden in •‘Staffordshire. The hollow! 
gxe cWn-sided, with fresh limestone walls, , steep and fometiniea 
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oveAan^ng. The limestQne displays no evide^ice of ordijaiy 
. weathering. Signs of stratification art visible |in the material 
’ fillllig the ’Ijollows ; association is not l^rbulent as described, 
but appSafs to yield evidence of a. definite orddi* related to the 
succession of the Triassic* sediments,* which at one time^bre con- 
tinuous over the whole district. Bunter Sandstone, the Pebble-befi 
Keuper Marls, and black shale probably belonging to the Khaetic 
• have foundered into the hollows. The oldest deposits occur neares' 
tlie walls of the basin. The various seihments have siilferM. J 
curious alteratictfi, eharacteyzgd »bv .the production of^Tiaoln 
rai^rial and the almost complete elimination of alkalies «,nd alkalini 
e^xths. The apptiirance of the workings, especially of the whib 
deposi'Jsof the central and deeper portions of the basins, is strikingb 
similar to that of the chii!|a-clay pits of Devon and CoriiYa^lh Oni 
area at least reproduced the eoi^itionsof ^le Bovey deposits — indeed 
G-eo. Maw notec! the^similarity long ago, — lignite^ pipe-clays, anc 
• refractory %ands indicating the filling up of a swampy hollow witl 
vegetation aii^ kaolin-mud at artime when the bulk^of the Triassi< 
rocks had beei? removed, but when foundering was still "ni progress 
Chemical analyses of some of the purest of these deposits are 



Parsley Hay. 

Brassington. 

Newhaven. 

SiO- . . 

74-54 

90-40 

98-17 per cent. 

A 1,03 . . 

, 18-04 

6-56 

0-71 • 

TiO,, 

n. d. 

n. d. 

0-42 

Fe ,03 

0-05 

0-18 

0-025 

CaO 

0-19 

0-16 

0-11 

MgO .. 

. none 

trace 

0-07 

K,0 

n. d. 

, n. d. 

0-09 

Na,0 

. n. d. 

n. d. 

0-02 

Loss on ignition 

7-24 

2-48 

0-41 

Totals 

•. 100-06 

99-78 

100-025 per cent. 


The composition of the Parsley Hay material corresponds to a 
mixture of about 53 per cent, of pure silica sand, and 45 per cent, 
pure kaolin (of composition Al^^g . 2 Si 02 . ^H^O). 

Mechanical analyses of ^ome of the deposits, which are neceSf 
sarily not well-graded, since they are clayey sands. a?e 


Of 


• 

* 

CS. 

>0-5 & 
<1 mm. 

MS. 

>0-25 & 
<0-5. 

FS. 

>0-1 & 
<0-25. 

1 • 

• 8. 

i , >0-01 & 
<0-1.- 

1 

c. 

1 <0-01 1 
fnm. 1 

1 

S. 

Total sand-grade 
>04 mm. 

rsley Hay 

0-3% 

20-2 % 

35-7 % 

I •13-5*%' ! 

30-3 % 

* 56-2 % 

iaaington ... 

1-5 

71-4 

11-8 

2-1 , ! 
ca. fs. 

13-2 

• 84-7 " 

>den 

4-6 

43-6 

^3-8 

>0-05. 

0-6 

<0-05. 

10-5 

16-9 * 

• 

72-0 

iwhaven 

0-2 

49-9 

30-4 

1-0 

10-9 

7-6 

80-5» 

ngoliffe 

rsintfton ... 

2-2 • 

58-6 

23-7 

0-7 

5-2 

9-6 

84-5 

2-0 

• 

63-7 

It'O 

1 0-8 

4-1 

18-4 

76*7 
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( ' ’ , 

^he mineral asssemblages of certain of the deposits include ',vell- 
rounded grains ^^f heavy aninerals. Among the species noted were 
anatase, apatite, cas^Heri^, ejjidote, rutile^ spinel, staurolite,^dnd 
zircon 

c 

§ Deposits in North Wales.. 

Similar materials, but more siliceous and apparently derived 
ajsd^ from Millstone vJrit or Carboniferous sandstones which 
have Tong since been worn a^n^ay, ^pccur in the surface of the 
Carbonifercus Limestone areas of Flintshire (Ealkyn, Rhes y cae. 
Pant du, etc.), Dtjnbighshire (near Llandudno Abergele), and 
Carnarvonshire (Conway, etc.). Analyses of some of these 
deposits {jre given in the Tables on pag^ 157 and 164. With the 
possible exception of Abeijgele, they «re of small extent and for the 
most part not now worked. \ 

In the recent quarrying of the limestone at Kinmel Park Camp,* 
near Abergeh. a fair amount of this matoial seems to hnve been 
exposed. “The quarry, h(,^wever, has since been partly lilled in, and 
little can be seen except c^layey matter whicli is reminiscent of the 
Derbyshire deposits and may be derived from the Trias, Indications 
are seen all over the area of similar deposits and of likely hollows,* 
and explorations might reveal supplies of valuable refractory 
materials. The white sand from Abergele (Kinmel Park) forwardqd 
to the writer by Mr. R. D. Griffith of Bethesda, is rather sugary in ' 
character, containing many compound grains. It may have been 
derived from the Millstone Grit, and is mucli less aluminous than 
most of the other dejiosits mentioned. Its chemical corriposition 
is : — 


SiOg .... ... 99'35 per cent. 

Al^O^ . . 0*54 

Fe.O., . 0-04 

Loss on ignition 0’36 


‘Total 100’29 per cent. 

AlkaLes and alkaline earths not determined ; probably absent. 


It is of sf good white colour and does not change on ignition. 
The mechanical analysis indicates that 'treatment by washing«and 
sci’eening would improve it 

2-6 % ; >0'5 & <1 mm., 8-8 % ; >0*25 & <0-5, 77*7 % ; >0'kA 
<b*25, 8*6 % ; >0’01 i <QT, 2*3 % ; <0*01, none. Total sand-grade, 
>0-l"'mm., 97*7 %. 


r ra CS MS FS _8_ _C_ . .-1 

2-6 ’ 8*6’ 77-7’ 8*8’ 2»3’ 0-0 ’ 97-7J 


The detrital mineral residue is wery small in amount (O'Ol 
per cent.) and shows the presence of minute zircons ^nd rutiles 



iUD 


sanIs^feom north wales. 

(0’(J2 to 0*05 mm. in diameter), ilmenite and limoMte, anatase^and 
muscovite flakes (0*4 mm. diameter). 

Without further exploratory work, *na opiiSon can he given as to 
the availatle resoui-ces. ^ In any csCse, the material haa jio. great 
a^eal extent ; it merely occupies hollo^vs and cmckfe in tj^e 
Carboniferous Limestone. 
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CHAPTEJi [X. 

Beitish Resoueces of ROjks used ijf Glass-making 
(FELSPA ifs, etc.). 

r 

.Siliceous Rocks beaeing Alumina and Potash. 

Although large quantities of rocks rich iit ahiiniiifi and sSiea 
occur in the British Isles, few contain little or no ferruginous 
material. The otherwise pure felsites and rhyolites are Q[)en to 
this objeotion. The chief rocks, therefc|fe, Avhich may be of value 
<to the glass-manufacturcR are pegmatites, aplites, microgmnites, 
and modified granites free iSom ^iron-bearing minerals. Some 
likely-looking rocks were analysed and yielded the* foUpwingf 


t results : — 



i 


(1) 

(2) 

(3)* 

SiO^ 

80-12 

“ 82-88 

78-84 per cent. 

A1,0, . 

10-68 

9-39 

10-50 

TiO, 

0-09 

0-15 

0-14 

FeO 

0-49 

0-56 

0-26 

Fe»0,, 

0-06 

0-22 

0-33 

CaO 

1-01 

0-09 

0-20 

MgO 

0-63 

0-20 

0-07 

K,0 

1-42 

1*88 

8-65 

Na,0 . 

3-44 

3-98 

0-41 

BaO 

0-01 

trace 

0-03 

MnO 

0-05 

0-01 

0-02 

H,04- 

0-80 

0-48 

0-57 

H^O- 

0-28 

0-13 

0-10 

CO, 

1-20 

Cl trace 

trace 


trace 

none 

none 

ZrO, 

0-03 

0-02 

n. d. 

S 

0-09 

none 

0-23 


100-40 

99-99 

100-35 per cent. 

Less 0 for S 

.. .. 0-03 


•08 

* ^otal . . 

.. . 100-37 


100-27 per cent. 


(1) GraVophyre from Bisandy Gill (Carrock Fell Syndicate Co.). 

(2) Felsite from Wickloi^, H. 5. %. 

(3) „ „ Tramore<Waterford), C 2. 

#tiher partial VnalySes are given in Table III. page 158. These 
aialy»es are given as ^fairly typical examples of what may l^e 
expected^ so far as glass-nlaking is concerned, in rocks of this 
char|cter. The iron -content is too high for good glass-pjaking. 

The best and most accessible British rocks of this kind 
^p^pomtites, aplites, etc.) are meniiotied below. They generally 
occur as dykes, that is, more or less narrow parallai-sid^ sheets of 
rock intruded into other rocks, usually standing almost vertically. 
The outcrop of such rocks at the surface is rarely unore than 
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a hundred yards wide, and is often only a few fetit, but it niay 
be.(^ considerable length, and the rock •may exiibnd to a great' 
depth.. ^ § •. 

The pegmatites consist yiainly of qiiartz and felspar cr^^^llized 
together. The felspar may contain potash, ^oda, and lime. * Those 
rocKs which bear ])otash are mosjf in demand by the potter and 
glass-iuanufactiirer, and liave tl^ercfore been investigated more 

fully- ‘ ^ . , • . * ' A . 

Felspar is chiefly used in the glass-industry of this com^tjy ii* 
the manufacture (j chemical iTein^ imported for the purpose 
from Norway}^ and Sweden. Owing to the fact that ‘felspar is 
usually delivered in*the form of either pegmatite (fi’ graphic granite, 
the exa#t composition of the rock is always liable to vary in 
successive consignments. *%he use of kaolin (china-clay)* is open 
to the same objection, but t(\a smallef degree. For the best » 
qualities inejuding optical glass, where, however, tlw requirements 
of raw ifiaterials other than sand are relatively small in amount, it 
is found Mvisalile to adS the soda, potash, lime and mlumina, in a 
form of purity and m the required propor^ons. For second-grade 
glass-ware, the use of felsjjar is a conveiAent and cheap means of 
adding both potash and alumina. Care must be taken, of course, to- 
ensure that the iron-content of the felspar-rock is low (as it is 
in many British pegmatites). Little use is made of felspv at the 
present time in the bottle-trade. As already mentioned, 'the 
requisite almnina-content is obtained in rough work by the addition 
to the batch of brick, baked clay, or even raw ball-clay. For flint- 
glass bol^les, pale bottles, etc., where strengthening and toughening 
are required, china-clay is sometimes used. British felspars, if 
properly worked, should be cheaper to procure than foreign material, 
and might l)e used with advantage much more extensively. 

• 

^ Potash felspars. 

The chief potash-bearing felspirs which occur in Great Britain 
(but not in Ireland) have already been dea^jjb with in one of the 
Special Resources Memoirs of H.^. Geological Survey *, recently 
issued. One at least of, those clescribed, besides others nert mentioned^ « 
are at present being worked. • 

The following account includes notes oy Roche felspsr additional 
to th 4 ) 8 e published. 

Felspar from the old quarrjr of Trasayes^ near Roche, 

• Cornwall. ^ 

The following description of the deposit Is given in the Memoir 
of the GeologicaJ Survey upon Bodmin and St. Austell, 1909’ 
(page; 61, %2):— ^ , V 

“ At Tresayes Downs there «s a wide extremely coarse pegmatite ^ 
vein in the Killa^a few yai’ds from the margin of the granite. It 

# •? Special Reports on the Mineral Resources of Great Britain. Vol. t. 
Potaeh Felspil, etc.” Mem. Geol. Survey, 1916. 
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Consists mainfy of enormous orthockse crystals, roughly jUmllel 
,and arranged j erticallyi some of which are graphically intergrown , 
with quartz. Somi quartz occurs intei*s#itially, frequently* asso- 
ciated with toiVrmaline and a little fluorspar. There is also a little 
pale mica. The vein has a north and south direction nearly 
' parallel with the margin of the granite at this place, and is nearly 
50 yards in width. The vein \\as formerly w^orked for felspar for 
use in glass-making,* hut the work was ahandoned about 1880.” 

Some half-a-dozen trial holes have recently been put down and 
the rock proved over an area ^<ne, hundred yards long by fifty yards 
wide. A c the time of the writer’s visit, the pegmatite was visible 
in the old quaiTy to a depth of about ten feet, the bottom bffing 
occupied by water. The pegmatite is rather iron -stalled along 
joint-planes and contains crystals of 'tourmaline. For glass and 
pottery purposes, tlie fa's])ar is li^id-picked. Tlie best means of 
transport is d^wn the small vMley to Carbis siding. A mineral line 
already extends almost up to the quarry, which at thl^3 time 6,f 
writing ,has vonce more been o})ened up.' (.Tood-qaalit;)^ felspar is 
being extiacted. , ^ 

The following are analyses of lloche felspar : — 



(1) 

(2) 

(3) 

(4) 

SiO, 

65*00 

65*33 

62*98 

64*21 per cent. 

A\,0, 

19*00 

19*16 

18*92 

19*66 

Fe,0, 

0*50 

0*50 

1*18 

0*18 

CaO 

1*57 

1*68 

0*75 

0*35 

MgO 

tr. 

tr. 

0*36 

0*07 

K^O 

10*37 

10*37 

11*68 

12*35 

Na^O 

2*40 

2*40 

4*18 

2*79 

H^O 

0*83 

0*50 

0*30 

0*73 

Totals 

.. 99*67 

99*94 

100*35 

100*34 per cent. 


<1) & (2) J. A. PhilKps, Phil. Mag. Feb. 1871. 

(3) W. Croseley, 281 Dunstan’e Hill, E.C. 

(4) Dr. H. F. Harwood. Analysed with especial regard to glass-making 

requirements. No titanium or barium was present. 

The quantity of iron in (3) may b‘e due to included tourmaline 
crystals. ‘ , 

The cheAiical analysis J 4) corresponds to the following approxi- 
mate mineral composition '(percentage weights by calculation) : — 

Potash-felspar » 73*18 per cent. 

klbite ^ soda- felspar) 23*67 


96*85 

Eemainder (mainly quartz) . 3*49 


Total 100*34 per cent. 

Other dykes of pegmatite are now being opened up at Eemick, 
near TreTMCO, and on Trelavour 3)owiib. Chemical and mineral 
analyses of these deposits will be found in, Table IV., ^ge 160. 
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Alspar from Pegmatites occurring in Scotland. 

* ’A ^irly full account %£ the most accessible, pegmatite veins in 
Scotland "has* been ^ven in the memoir cited*. ThS veins a? three 
locahties (1) between -Loclhis Laxford* and Inchard, (2) 1f)^ween 
Durness and Eriboll, and (3) at Overscaig, L^ch Shin, are described^ 
in detail with accompanying sketclf-majjs for the first and second 
localities*. The veins at the first fwo places o#cur in the I^msian 
Gneiss in the extreme north-west of Scothftid, where the work^g, 
conditions ^nd questions of tr^n^jal-t leave much to be desired. 
The *'*Oversca\g pe^miftite occurs in the Moine Schists and is also 
difficult to work f’loni rail or boat. The estimated resources 
from tht^most accessible veips at the first locality mentioned are 
no4] less than 190,000 tons. * At the second locality, not It^s than 
twelve million tons of ]>egma\it» are availi^Jile. 

A chemical analysis of the roSc fr(^u the tliird lo^aility is given 
as follows 


•^lO. 

72’94 per cent. 

Al,6, 

14*2G« 

TiO, 

0 0% 

FeD, 

0-21 

FeO . . 

0-22 

(CoNi)O 

. lit. fd. 

CaO 

0-23 

Mg-0 

0*08 

K.O 

7-42 

Na,0 

3-49 

Li.b 

trace 

BaO 

0-25 

H,0 at 105° C. 

0*05 

H,0 above 105® C. 

0-17 

P.,0, 

0-49 

MiiO , 

OTl 

FeS, 

nt. fd. 

CO, 

0-00 

Total 

100’04 per cent. 

* E. G. Radley (Anal.) 

1 

Calculation from this analysis gives (percentages hy»w?iglit) 

Microcline 


Albite 

29»61 

Felspar 

J3*57 

Minor Constituents 

2-38 

Quartz 

24' 09 difference. 

Total 

. 100'04 per cent. 

Chemical analyses carried out by Dr. Harwood, with espech 

reference to the requirements of the glass-industry, of samples c 


“ Special Reports on the Minefal Resources of Great Britain. Vol. ' 
Potash Felspaii etc.” Mem. Geol. Survey, 1916. 
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AN^ POTASH. 

Sqpttish pegmatites collected" by the writer may be addisd for 

eompanson 

*(1) 

(2) ^ 

. (3) * 

.SiOa 

69-05 

71-53 

70-36 per cent. 

kto. 

16-84 

15-33 • 

15-97 

TiO/ 

none 

trace 

none 

Fe,0, 

0-07» 

0-05 

0-08 

CaO 

0-21 

0-28 

0-12 

MgO 

0-06 

0-15 

0-08 

. K^O 

10-08 

10-43 

10-42 

Na,0 

- 2'%8 „ 

. 1-91 

..2-19 

BaO 

0-12 

0-60 . 

*-0-53 

Loss on ignition 

0-42 

0-21 

0-29 

Totals 

99-68 

100-49 

100-04 per ceat. 


(1) From the exposure on the shor^of'Loeh Shin, a little more thax 
600 yards south-east from ftvers^ig Farm. 

(2) From a 300 yards nortri of Badcall Py^'r, about a n?ile north-west 
from Laxford Bridge, Sutherlandshire. 

(3) From a tk'ck belt of veins on the nbrth-west'slope of B^inn Cfli.nnabeinne, 
near Durness, close ,to locality A of the sketch-map in the Report on 
Potash-Felspar by H.M. Geological Survey. 

The approximate mineral composition of each sample calculated 
from these analyses is : — 


Potash felspar 

0 ) 

59-71 

(2) 

61-80 

(3) 

61-74 per cent. 

Albite (soda-felspar) 

24-01 

16-20 

18-58 

Quartz and other constituents 

83-72 

15-96* 

78-00 

22-49* 

80-32 

19-72* by difference. 

Totals 

99-68 

100-40 

100-04 per cent. 


The following note t as to the composition of the Scottish 
pegmatite veins is of im])oi-tance to glass-manufactuifers : — < 

“ The pegmatite material consists predominantly of quartz and 
felspar. Iron -bearing minerals, such as biotite and hornblende, 
are present, but generally constitute l^ss than 1 or 2 per cent., and 
though the fn*oportion may sometimes reach 5 per cent., it is only 
in ceidain infrequent bands. Wher6 the pegmatites are uncrushed, 
these ferromagnesian minerals (which tend to be associated with 
the pkgioclase felspars) could be hand-picked from the querriM 
material.” ^ . 

tSuch iron-bearing^^minerals as biotite and hornblende are very^ 
undeeirable in felspars used for glass-making. The iron -percentage 
in the analysis quoted above (FeO+Fe^Oj, 0'43 per cent.) is too 
high for good glass-making. 

• The content of barium felspar (celsiap) in 1, 2, and 3 is 0*48 % , 2*42 % , 
and 2-14 % respectively. The remaining minor constituents are small in 
amount. ^ 

t ** Special Reports on the Mineral Resources of Great Britain. ToK v* 
Potash Felspar, etc."’ Mem. Geol. Survey, 1916, p. 9, 
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Tfee average mineral coijiposition of the pegmatites is sai^ to 
be : — quartz 24*8, and felspar 75*2 per ce«t. Figures in particular 
‘aliases val*^ betweea the extremes :-^quaiiz 17^65, and^ felspar 
82*85 pel’ dent. ; quartz 39*0, and fekpar 61*0 per •cent. 

,The average value for 'the potash-percentage in the ^ftftherland 
fffspar is stated by H.M. Geological Su^ey to be 12*81, whiA 
agrees closely with that of fels{)ar from other localities. The# 
potasl?^content of the pegmatifes would tiius amount Jq about 
9*2 per cent., which is in acconl with the* results of the ana^s(;s 
made by the Sur^y. * 

^ * • • 

»For the folio wii^g notes, ])ublished by permission of the Director 
of the Geological Survey of Ireland, on the J^elleek felspar, the 
writer is indebted to Mr. W. B. Wright, B.A., F.G.S : — -» 

The Pegmatite Beposits of Bdlleek, Co. Fermanagh. 

“ The^lspfti’ deposit® of Belleek, the jiresence of wliicli in the 
district was oiil of the inducements whicl^ led to the establishment 
.of the Belleek Pottery, occur in the are^ of gneissose rocks to the 
north of Belleek and Cast lecal dwell. They ai*e not. however, 

, exploited at the present time, because tbe requirements of the 
Pottery are so small that it would not pay anyone to mine for the 
purpose of supplying this demand alone, as long as matd’ials can 
.6?? obtained from Norway at iirices which are reasonabh^. The 
Manager of the pottery states that from his point of view there is 
little to choose between the native felspar and that which is now 
imported. 

► “ The felspar occurs as the main constituent of pegmatite dykes, 

which are found traversing the gneissose i*ocks. It is. to a varying 
extent, gi*apbically bitergrown with quartz, and in some places 
penetrated by coarser veins of quartz. AVhite mica also occurs 
here and thd^e as an impurity. 

“ The following are the localities (as far as they could be ascer- 
tained by local enquiry extending over two days) in which attempts 
have been made in the past^ to test the extent and quality of the 
felspar-bearing veins. • , 

“(1) Townland of Den’yif)na Glebe, north of Lough Scolban, 
and three and a half miles E.N.E. of •Belleek. ThS pit is now 
filled up, but the vein is reported by a local farmer to have been 

* four feet wide. There is a heap of felspar containing about three 

• tons beside the pit. It is graphically inte^rown* with quartz»in 
tllfe proportion of say one part of quartz tj) three or four p^ts of 
felspar. The felsiiar crystals are som€Ptimes as much as ^8 inches 
square. 

“ (2) Townland of Scardans Lower, two miles nortl^ of Clstle- 
caldwell. The vein appears 4o be about 4 feet wide and the shaft; 
that has been suj;ik in it is reported to be about 30 feet deep. The 
Mspar got out here is not so pink as elsewhere. The crystals are 
up to a fqpt in length. There is, if anything, less graphically 
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in%gi’owii quar6z tlian at Lough Scolban. The vein is said to 
have a definite \|'all and t:) part easily from it. 

“ In this tovvnland ithei*e are several other localities -syliere fekpar 
can be seen exposed at the surface, or where the local farmers state 
that exjfibrations have been carried out in the past. 

“ (3) Townland of Larkhill, in the bog to the north of Croa^ 
More, a vein has been opened up in this locality running N. 35 E., 
and dijipnig N.W. at 50 or GO degrees. It appears to be I or 5 
feetl, thick and was excavated to a depth of about 20 feet at the 
N.E. end. There is a heap cf about 20 tons .at one side. It 
varies greatly in quality and in its quartz content, which seenr, to 
be somewhat greater than at localities (1) and (2). 

“ There have been some other minor openings in the same 
townland 

“ (4) On the moorland between /Loughs Unshiii and Columb- 
•kille, about a quarter of a mil'? S.W. of Lough iJnshin and two 
and a half miles north of Belleek there is a nine-fo\)t yein of 
, pegmatite rui},qing W. 35 N. and traceable for ab.?ut -^P 3 "ards. 
Only suii’ace quarrying b^s been done on this vein. It varies a 
good deal in quality. In some })laces it contains a fair amount 
^ of quartz and mica, but in others it is almost entirely composed of 
large felspar crystals with minute graphic intergrowth of quartz. 

“The localities numbered (1) to (4) are, as regards size and 
content of the veins, the best which are at present known in the 
district. Veins u]) to two feet in thickness occur in many places, 
as for example at Garvary, near Castlecaldwell, where several 
openings have been made. These, however, are hardly w^orth 
considering until it is known that the larger veins could be made 
to pay. 

“As regards the continuity, laterally and in depth, of these 
veins or dykes of pegmatite, it is impossible tq make any confident 
statement, as the country in which they occur is so much obscured 
by drift and bog. Smaller veins in better exposed ground are seea 
to be fairly continuous for considerable distances but vary much 
in width. There ought to be about the same ease or difficulty in 
following them as there is in following^-an ordinary lode, and they 
have about the same chance of maintaining their width. 

“ From the nature of the rocks ahd the reports regarding the 
shafts already sunk, it is not anticipated that any difficulty would 
arise from water in the mines. A certa^in amount of felspar oould 
undoubtedly be got out by^ surface quarrying, but in the end 
miftiing would hvive td be resorted to. 

“ The following are distances from the railway : — 

0 ^ * 

“Locality (I). 1 mile from Castlecaldwell Station. 

, (2) & (8). I mile from rail, 2 miles from Oastleeald- 
well Station. 

(4). 2 miles from Belleek Station. 

“ The railway freight for coal from Londonderry Belleek is 
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48*. (k/. a ton. The harbour at Ball jshan non is difficult of navi- 
gation.” ' * *4 

“ • 'dhemical* j^naljses of the Belleek Pegmatil^ (b/ J)r. H. F. Har- 
wood ‘and Mr. A. A. Eldridge) are as follows : — • * 


Locality 

(1) 

(2) 


(4) 

SiO, 

73-18 

%3-07 

65-74 

70-96 per ceni 

AbO, . 

14-58 

,14-71 

18-36 

15-53 

TiO: 

none 

none 

noifb 

none 

Fe,6, 

0-06 

0-05 

t>-06 

0-27 

CaO 

0-22 


. 0-21 

0-28 

bMgO 

0-08 

0-05 

0-13 

0-07 

K,0 

. 10-48 

10-14 

13-08 

10-95 

Na,0 

1-52 

1-60 

2-07 

• 1-55 

BaQ 

trace 

0-02 

0-03 

0-16 

Lobs on i^ition 

0*27 

* 

0-46 

0-25 

0-48 # 



\ 

• 


Totals *. 

. 100-39 


99-93 

100-25 per cent. 


The a^roxynate mii^eral coii^position of each sample calculate 
’rom th® anai^'ses is : — * 


f’otaeh felspar 
llbite (soda-felspar) 

(1) 

62-10 

12-89 

(2), 

60-07 

13-57 

(3) 

77-49 

17-56 

(4) 

64-90 per cen 
13-15 

i§artz and minor constituents 

74-99 

25-40 

73-64 

26-68 

95-05 

4-88 

78-04 

22-20 

Totals 

100-39 

100-32 

99-93 

100-25 per cen 


A few other workable veins of pegmatite were also visited i 
, this area by the writer. A chemical analysis of rock from G-arvar 
Wood is given in Table iV. jjage 160. At a very conservativ 
estimate many thousands of tons occur. On the whole, these Iris 
deposits are more easy of access than the Scottish and seem to hav 
It^s quartz ifftei’grown with the felspar ; their soda-content is als 
less. Occasionally stringers of ferromagnesian minerals are me 
with, as in the Scottish pegmatites, but hand-picking will genemll 
remove these. 

At Ballymanus, near Auglirim ((Jo. Wicklow j, telspar was san 
locally to have been worked and used ir^ glass-making or potter 
worl^. Prof. Grenville A. J# Cole, P.K.3., Director of the Geologica 
► Survey of Ireland, has kindly examineiMx. H. Kinahan’s field-map 
.for the writer, and finds upon them* dykes (•runnij:ig from norjh- 
eagb to south-west) of quartz-felspar rock at Ballymanus. Workings 
except for the granite, has been given fefi' a long time. ^ 

In ’point of bulk the Scottish deposits stand firstj but their 
relative inaccessibility reduces the value of the large resources^ 
present. The Cornish pegmatites are very limited in quantity, and^ 
are liable to contain tourmaline* The chief iron-bearing mineral in 
the pre- Cambrian pegmatites is biotite. Other occurrences of 



114 SILICEOUS ROCKS BEARINO ALUM^^A AND POTASH. 

felsg)ars in Argyllshire, Co. Donegal (Fintown, Dooey, Glentiesoand 
Gweebarra), and Co. Mayiro (Belmullet, Erris Head, Doolough, etc.) 
have been visited ancf- their workability is being considered. Ti-iey 
will shoHly be described in detail*; in the meantime, chemical and 
mineralVWlyses are given in Table IV. page 160. 

^ For comjmrison witly the analyses of English, Scotch, and Irish 
felspars, may be quoted that '^of one of the Swedish felsj)ars 
imported^ in large quantities for glass-making and _ pottery 
purposes t- 


SiO, 


65-78 per cent. 

AbO^ 


19-01 

TiOf 


none 

FJ.O, 


0-23 

CaO 


0-27 

MgO 


0 28 

K,0 


TrOl 



2-21 

^ Loss on ignition 


0-36 ( 

Total 


99-10 her cent. 

The Scandinavian felsp'^.r at iiresent 

in use at the Belleek Pottery 

has the folhjwing composition 

(H. F. 

H. & A. A. E.) 

SiO„ . . 


66-60 per cent. 

A1,0, 


19-05 

TiO , 


none 

Fe,6^ 


0-02 

Cab 


0-26 

MgO 


trace 

K,0 


12-12 

Na,0 


3-08 

Loss on ignition 


0-28 

Total 

. 100-41 per cent. 

Analyses of “ Mixed Stone ” and 

i “ Purple Stoiie ” are also 

given 



Mixed Stone. 


Purple Stone. 

SiO., . * ... 

72-1/i 

70*31 per cent. 

A1„0, 

16-28 

16-62 

.Tib.; 

0-20 

0-17 

Fe,0, . , 

1-45 

FeO 1-50 

MgO 

0-20 

0-08 

CaO 

1-65 

1*50 

K,0 

5-01 

5*69 

Na,0 

1-50 

2-62 

Loss ignition 

1-15 

1-25 

Totals 

99*59 

99-74 per cent. 


♦ ^An account is being published by the writer in the Trans, boc. of Glass 
Technology) vol. ii. (1918). Dr. A. Campbell has recently dealt with further 
Scottish resources in a paper before t£e Edinburgh Geological Society 
(Jan. 1918). Additional supplies have since been discovered and will shortly 

VkA /^oDPinnAn « 

^ Trans. Ceramic Soc. vol. xii. (1912-13) p. 65. 
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W4tli these inav he eoinpaired the analyses inad» by Dr. H./F. 
Harwood of china-stone froin the West #f En^ 2 :layd China Stone 
^ Ofey Comj^any Ltd., St. Austell : ^ 


SiO, , , , 

• 75-23 

ALO, • 

*14-27 


0-08 

Cab 

1-64 

MgO 

0-20 

K,0 

4-35 

Na,0 

2-81 

L«hs oil ig-iiition «. 4 

» 1.-44 


Total 100-02 por cent. 

Duplicate dotemniuitiun ol SiO ,, 75*19 per cent. 

This rock is crushed and«^i^und to a line ])owder in tfic works 
at Par, and is sebt to the Poii('rie‘f 'llie analyses are (juoted as* 
indicatin^^ that china-.tton(‘ and related material, Tf they can be 
secured f^;j,)m, oi* w^th a low. jjcrcentage of, iron oxide, may be 
of coDskfe-ahlt^wtlue to the glass-trade as sources ot^ alumina and 
silica, and at times also of ])otash. 

The British resources of china-stone iTave heen fully dealt with 
jn the Memoir (juoted above A Handbook to the Collection of ' 
Kaolin, (diina-clay. and Cliina-stone in the Museum of Practical 
Heology,'’ Mem. (leol. Survey, 1914). ♦ 

, ’I'lie following rock is of a similar character:- - 


Meldon Rock and “Sand." (“Devonshire Hard Purple 
S4:one.’') 

' Worked by the Meldon Valleys Co., c/o Alessrs. Fox, Boy. & 
■Company Ltd., IMymoiith. 

Mapa.- Ceological : Old Sei’ies, 1-inch, Sheet 2o. 

(j-incli, Devon, Sheet 7G S.E. 

• Sltuafton*^-L(if. 50° 43’ (C, Long, 4° 1' 50" . 

The quarries occur about half a mile east-north-east of Meldon 
Phurch and near the viaduct of the L. Sit S.W. Bailwaiy, about 
four miles south-west of Ok^dianipton. 

Formation . — Aplite dyke intrusive into Culm ShaJe.'^(Carboni-* 
ferous). 

Description . — The rock occurs as a bwad dyke ruining roughly 
pai*a41el with the edge of •the Dartmoor Granite, and separated 
Erom it by an outcroj) of Carbon if erous*( Culm) Shales about sixty 
•feet or more broad. The rock is a line-gr9ined •aplite, varykig 
in^olour from grey to pale pui-})le. One |>and runs very t^ne to 
sample, and the gu)od conditions of quariying, the wat^'-power 
presept, aij^d proximity of the L. & S.W. Bailway, permit profibible 
working and crushing. Water-pow'cr and therefore eleptric-pRwer 
being available, it is possible that at some later date, if the market^ 
permits it, washisg, screening, and also electromagnetic treatment 
will be instituted to grade the* product and free it from some of 
its iron. 


1 


o 
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chemical ailkljsis of the rock is as. follows. . 


fSiO. 

^1.0, 

TiO^ 

Fe.O, 

Cab * 

MgrO 
K,0 
Na,0 
Cl ‘ 

Loss on ignition 


171 -07 per cent. 
16-7» 

0-06 
6-!27 ■- 
0*87 

0- 05 
3'83 
4-92 

trace 

1 - 87 


Total . 99-73 per cent. 

Duplicate determination of SiO^ gave 70*98 per cent., and of K D, 

3*81 per cent.*^^ 

The iron-content of i? sample uf 'the cruslied hut untreated 
product is 0T5^])er cent. FeO absent). 

The mechanical analysis of tlie crushed" jmiduct as^ follows,, 
but it shouH be mentioned that no atteKi])! has^fet j^en made 
commercially to grade the “ sand.’ 

>2 mm., 24*6 % ; >1 mm. fc <2 mm., 18*.^ % , >0*5 A <1 mm., lO’l % ; 
>0*25 & <0*5, 20*2 % ; >0*1 & <0-25, 12-5 y , >0*01 A <0*1, 8’2 % ; 
<0*01, 5*9 %. Total sand-grade. >0*1 mm., 85*9 7- 

" r G ves CS MS FS s c _ G A S 

L24*6’ 18-5’ 10-i’ 20-2’ 12*5’ 8*2’ 5*9’ 85-9 J 


The mineral assemblage in the rock is a full and interesting one. 
Amrt from the minerals occasionally occurring in vi^ins, etc. 
(axinite, green tourmaline, lithionitc, Huor-spar, etc.), separation 
with bromoform enabled the following to be identified — greenish 
and pale yellowish tourmaline, ])urple to colourless tluor, topaz, 
ilmenite, zircon in very small grains, muscovite, etc. 

The crushing strength is 24, 100 lbs. jier s(piare iiu^i. 

The rock may be valuable tor the alumina it contains and also 
for the proportion oh potash. For bottle-glass, the addition of 
limestone and alkali only is rdipiired. The rock is at present 
worked fW pottery purjioses, the crushed material being supplied 
at 15s per ton. The freight to Staffordshire is now about 19s. 
per ton ; be'fore the war was about 1 l.v. The available resources 
are very considerable. 


Potash-biuringf^ Sands. 

V^y few of the mbemls which occur in sands or rocks cdijy 
potash." The felspars have already been mentioned. Musco^te, 
or ^tash-mica, rarely occurs in quantity in Bntain. .^s a partial 
decomposition product of felspar (of which the fina stage is repre- 
^ sented by the formation of kaolin)’, it occurs in the ‘‘ i^as ot 
the china-clay works (see page 100 for analysis, etc.). . 

of ferruginous impurity in these "‘micas” alinost prohibits their 
use for glass-making. The only other potash-beanng mineral ot 
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anyAing like common occurrence is glauconite, whfch is a silicarf of 
jror^ aluminium, and potassium. It liaf been u^d as a fertilizer 
because of itB potash- content, and it is* ako o? service for softening 
water. The mineral v.ari^s in coloui' from olive and de^^bluish- 
glioen to such pale tints as to be praci3ically colourless. IFdoes n^t 
.aj^pear to have a fixed chemical, constitution — indeed, the term 
probabl}^ includes a number of nynerals of similar composition, but< 
with varying quantities of iron, ])otash, sodjf, etc. Being»an iron- 
bearing materitll, it cannot be utilized directly in glass-nAni>- 
favture. ^Jhemi^al analyses o# fiomc s:lmples of glauconite are as 
follows : — • * 


• 

(1) 

(2) 

(2) 

SiO, 

49-42 

.50-12 

46-91 per cent. 

AbO, 

10*23^ 

4-10 

7-04 

Fe,,0, 

1()-01 % 

1 19-90 

23-06 

FeQ 

3-00 

5-96 

«-64 

•MgO 

3-78 

2-28 

4-40 

mo ’ 

0-31 * 

3-21 


K,0 

7-91 

7 8J 

7-31 

Na,0 

0-26 

0-21 

0-91 

HO 

8-08 

5-ift 

4-71 



tr. 


Totals 

. . 99-0(1 

99-92 

99-93 peikcent. 


(1) Borne. 




(2) A Continental Glauconite. 

(3) Channel Island'’. 

Some highly glauconitic deep green British sands have the 
following composition ; — 



(1) 


(2) 

SiO^ • 

60-61 


44-76 per cent. 

AbO,' 

9-73 


5*62 

TiO, 

0-70 


0-45 

Fe,0, 

9-67 


9-21 

FqO 

0-^5 


2-05 

CaO .. 

1-22 


4-56 

MgO 

1-89 


2-20 

KjO 

, , 2-98 


4-40 

Na.,0 

0-33 


0*09 


0-13 


0-02 




3-24 




2-4Ji 



CO, 

10-64 



MnO 

0-07 



Cf 

trace 



BaO 

. trace 

Loss on 

ignition . .. 12*38 




Totals 100-09 


99*79 per cent. 


(1) From the Thanet Beds at Bramford, near Ipswich. 
From the Upper Greensand, Collin Glen, Belfast. 
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'hie potash-content of ^other British glauconites will be found 
in the 'Table on {>age ^59. 

It m»y be poapible in thfe future to utilize glauconitt? as. a spurce 
of potaehf but no British deposits yet found carry sufficient of that 
compound. A satisfactory chemical process must first be devised 
and made commercial. Although the potash -percentage is lower 
than in potash-felspar, the supplies of glauconite are largp and 
widdy distributed. 

Numerous processes liave bq,en worked out for' extracting tlie 
potash from felspar. A summary bf some of the^^e is gi\en in the 
“ Special Reports on the Mineral Resources of Great Britain. Voi. v. 
Potash -Felspar, etc.” — an account similar to that in the MineiUl 
Resources Re])ortsof the United States geological Survey. ‘Refer- 
ence may also be made to “The Worlds Supply of Potash,” Bull*. 
lm]>erlai Institute, 1915.* A i,uodlj^cation of earKer processes has 
been suggested^ by E. A. Ashcroft (Inst. M/mng & Metall. Di'c 
1917). One of the most proinii^ing and interesting of recent 
processes is thUt suggested by Frazer, Holland, and I'^lillef''! .lourn. 
Indust. & Kngin. Ohemisfry, \ol. ix. Xo. 10, ])agc 955, Oct. 1917) ; 
it aims at jmxlucing ahfininium sul])hatc, with ]*otash as a by-' 
product. 

'riie results on British fels])ars (»f pi-oct‘dur(‘ pat(‘ni('(l by Mr. d. 
Rhodin t^'ere given in the ‘Journal of tin' Boai’d of Agriculture’ 
for February 1917 (Br Pat. UU is of 191 1, 21,097 of 1911, aiH 
10,780 of 1899). 
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CHAPTER X. 

Speciai. Tpeatment of Sands .and Rocks. 

’^nds, iike m%ny^ other iiaftufal products, can be improved by 
wasdiing. if the process is carried out effectively, a third-quality 
Siihd may be brought up to the rank of second-(f.iality, but it does 
not produce, in the case />f most British samples, a tirst-quality 
gla ss-sand. Moreover, the (piestion of extra expense due tcf washing 
(and sometimes •drying also)^|nd <|i)nsetjuent additional handling 
and movement, is here an im])ortantfac‘tor, since verv^ai’ge quantities 
of secoiffl- and third-rate sands are used for making glass for lairi])- 
chimneyS'^ekakric-ligh^ globes, flint-glass bottles, ^indow-glas,>. 
commoner table-ware, etc., individual tirlTis each using as much as 
Ihree hundred tons of sand a week. 

Colour of (JIus,'<-Suii<Ls — Although in the field a considerable 
number of sands apjH'ar by comparison to be ■white, it is.remark- 
alile how very few are snow-white. The colour is frequently a good 
indication of the relative frt'edom of the sand from oxide of iron. 
Idle best English sands aiv locally white, but usually grey, cream- 
colourecl,, or faintly yellow^ or brown. To realize the true colour, 
samples may be ])laced upon wdiite pa])er or comjiared wdth Fon- 
tainebleau sand. Small quantities may also be mounted in clove 
oil and examined under the mierosco])e, wdien the faint yellow, 
browm, or grey pellicles of fiuTiiginous material an* easily visible. 

A dark cts^our is not nece.ssarily an indication of much iron ; 
organic matter, which may subsequently be burnt out, produces 
this effect. A ])ink colour may be due to pink (piartz and not to 
iron oxide. Similarly, glass itseli* may be w^ater- wdiite and brilliant, 
and yet contain no small jietcentage of iron. 

(a) Waaluug. — Hematite-coated grains (likt‘ those*in Permian 
and Triassic deposits) cjymot be cieSned without very great 
difficulty, even where the coating is thii and the sand pale-coloured. 
In the case of sand-grains having* a thin .pellicle of limonite, 
n^re washing by water may improve the qualify eonsideraUly. 
Second-class sands from the Low'ei\ G-rtensand of Ayl(%bury, 
Leighton Buzzard, and King’s Lynn have been improved and 
madef suituble for flint-glass work in this way, but the result^ are 
not even then so good as the^best of the Aylesbury or Lynn sands 
actually found in the quarries.' The best sands are not improved! 
in the mat'ber of ‘iron -percentage by washing, but the adoption of 
washing does obviate to a considerable extent the trouble of careful 
selection, afid enables variable sands to be profitably exploited. 
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from tiie question of the increased cost of washing, which is 
considerable (at^least 6«/. per ton, but reaching at times, with^thp, 
extra handling, mJch at3 2s. 6^/. per ton), the.experfse of drying 
has alsonti) be taken into accoimt. 

, The coating of sea-^lts around the grains of dune- and shoue- 
sands does not appear to be obji^ctionable for glass-making (as it 
is when such sands are used for c^^ncrete or for building-purposes), 
simiiar salts being added in the batch. The sands have the advantage 
of b^ing well-graded (see Table page 165) as a result of j‘e])eated 
sorting by wind and water, but shiOe their coloulj. is not ‘‘good ^iid 
they often contain abundant shell-fragments, it is clear that repeated 
washing will not produce purity without the intervention of liviiig 
organisms and percolation of water exam])le, the patchiness 

of colour ill the red sands of the Permian and Trias due to reduction 
around organic remains). 

The value and impoi-tance oi washing iniast be strongly empha- 
sized. It is satisfactory to note that tlu* producers of santPare now' 
becoming aliTe, under war-conditions, to* the impybvement thus 
effected in sands and thP corresponding! v enhanced market value. 
Sands for refractory jiui^xises, as well as glass-making, are now 
being washed in many instances by the producers. Although the 
process is frequently carried out at the sand-quarries, water is not* 
always available in the quantities desirable. Jt will often ])ay 
glass-manufacturers to wash or re-wash their sand at the works, ?is 
dii-t, dust, etc., are usually picked up during transit. The effect' 
of washing is two-fold. It removes much adherent iron oxide, 
calcareous material, etc., and also clay, silt, and fine .sandv mattei* 
which are undesirable in a glass-sand‘. A comparison of 'analyses 
of glass-sands befoi-e and after washing is of considerable value. 
Improvement will be noted in both grading and chemical 
com}X)sition. (See Tables on next page.) 

In this connexion, as indicating the material wa^lied out of, a 
glass-sand, it is of interest to quote the following analysis from the 
remarks upon America^i Glass-sands in Bulletin 285 of the United 
States Geological Survey (page 4^1) : — 


Analysis o^ a Slime from washings*of a sand from Ottawa, 111. 


SiO, 
Alfi, 
Fe,0', 
• CaO ' 


MgO 

K,0 

Na,0 


Total 

Remainder mainly water. 


8^*21 jjer cent. 
7-50 
0*52 
none 
none 

0*20 


95*43 per cent. 


This analysis indicates that besides ferruginous and clayey 
matter, much fine silica had also been removed from tHI sand. 



Tables showing the Effect of Washing upon Glass-Sand« 
A. mechanical Analyses, 


W^SHIjnG of sands. 
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„ (Anal. H. F. Harwood). 0 13 0 04 

Lynn Sand O'll 0-03 

Hainford Sand 0*05 0 03, 
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^ method of washing ^nd adopted abroad is on the principle of 
acid-scrubbers, tl^e sand oeing arranged upon tiers of. platfo?gns^, 
above one anothat ancL washed ^by distributed descending, sprays of 
water. . • < . 

foVarious methods, including tank-washing, have been adopted in 
this country, but some form of rotary process is most commonly 
used. 

In'somh cases the sand is washed twice over to ensure better 
cfeahi^ing. It is often an advantage, especially' when washing is 
adoptt.‘d in order to cleanse a sand from iron^oxVle, to have jfch'e 
cylinder much longer than it usually is. Care should be taken 
to ensure that rotary washing-plant is suited to the gi-ade of the 
sand. If the latter is too line for the‘,a]il>aratus. much k)ss will 
result owing to the carrvinj^ off of tii;e iand in the stream of dirty 
water. 

The most effi(5lent machine for washing sa^d at j^reseut in use in 
this country is, in the writers ex])erience, tjiat devis^ed l)v*'Mr. 0. 
''ilikof of 1.39 Tentonville Hd , London, N. 1. A slarrt des(‘ri|)tion 
may be of use to sand-meVakants and glass-manufactur(“i’s. 

The Washing and SA'eening Machine ( llikof's Patent) is 
‘illustrated in Plate VI 1. and Fig. L3, and is so designed that it will, 
with small modifications to suit particular cases, wash any material 
from coafi'se gra\el to line sand. Ly an automatic feeding device 
tlie material is delivered into the slightly inclined revolving 
washing cylindei’, the feeding being continuous and iiniiormso that 
all the materials are suhjc'cted to an e(jual amount of washing. 
The machine can therefore he run at maximum output without 
ineuiTing th(‘ risk of tem])orarily ovei'taxing its capacity, which 
might happen in the case of manual feeding 

'idle length of the washing cylinder is fixed in accordance with 
the time reipiired by the water for removing the binding materials 
and for separating the jiarticlcs from each other. Tlic cylinder i^ 
divided into sections or compartments so arranged that while the 
washing water overllo^^'s from a (deaner compartment into one 
containing dirtier material, and is^finally discharged at the higher 
end of the cylinder, the material travefs in the opposite direction 
and is automatically jirojielled ovev the partitions, each time 
into a comi^rtment contjiining cleaner water. Eventually the 
materials are delivered into"* cylindricah screens, the number gud 
fineness of which depend S3n the grades into which the said 
majyrials are P), be divided. The screens are arranged concen- 
trically, the innermost cylinder having the largest holes. Tk^i 
holes in the outermost cVlin^ler determine the largest grains of the 
finest sand. Water-sprays between the .screens facilitate the 
screening and subject the particles to a final cleansing. The vvater 
is led awayr with the sand into a special sediment separator, which 
Constitutes a novelty in sand-washing machines and is necessary 
for securing clean, drained, sand (^’ig. 1^3). This contrivance is 
most simple in construction as well as in working. ^It consists 
of a steel cone fixed at its larger end on to a wide flange centred 
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op an almost horizontal slowly revolving shaft.' On the ouiSide 
,oi ^his cone are numerous vanes ^ or blades forming pocket’s 
Jor receiving the washed sand and the cieansillig water. The 
pockets ^ire so arranged that the tpp edge of each is when 
reaching the horizontal jdane containing tj^e cone axis, and in this 
position it cuts oft’ tlie supply of water and sand, which then goes into 
tlie next pocket. The contents, ^ which during the lilllng are mosi' 
vigorously agitated, become calm after the su})]>ly lias cil^ased} and 


'^Fig. l3. — Gi}ie-ftifaclnnent io Jiikqffi Wh^lnntj 31(1 chine, 
^ for cieanaiiKf and drainni<j Sand. 



the sand settles quickly in the lower portion (tf thei])ocket near<jth(‘ 
tlonge, the water with the silt in suspension being graduallj^ tilted 
oft’ at the smaller end of the cone as the iatter revolves and t^e larger 
end of the pocket is elevattal over the to]) of the cone. When 
farther advanced*, the sand is discharged at tlie other side of the 
cone, and the empty pocket •proceeds on its way to receive a neu^ 
charge. ^ 

The efficiency of the machiiie is dependent on its being worked 
at the proper speed and with a water-supply suiting the nature of 
the materi^s under treatment. Once carefully studied, however, 
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properly adjusted, tl^e machine works automatically and ^ith 
excellent results^ « , ^ ^ 

The ??ri*angen{ient clesci’ihed above for draining the's^nd renders 
the querf on of drying it a jpuch less serious matter. Air-drying 
i? usually effective an^ sufficient. The users of sand naturj^jly 
prefer it to be delivered in a dry ctondition, but methods of artificial 
^drying are frequently too cxpei?sive for the sand -merchant to 
underta'k\ 3 . The tmns})oi‘t of perfectly dry sand is also at ‘times a 
tt'oublesome matter. ^ 

Other devices are emjiloyed to IcisTen the drving by dMinin^ off’ 
the water, and sometimes the jirocess is carried out in* large ovens 
(two tons at a tiifte), Imt systematic drying-plant like that used 
in America has not yet been introduced.'’ Drying is camedcout in 
the Missl'ssijipi \ alley and other places by the use of tiei’ dryers*, 
‘rotary methods, or steam Voilsj Small quantitit's mf dry sand are 
frequently required in tliis countiy' during ,the winter, for use as 
])arting-sand in facing moulds for brick-making, etc. Jn this case 
'^a small oven Tsi built of bricks, a fire lighted’ nitbin itraiVu the sand 
heaped over and around tfie oven. 

(b) Screening, eic. — In the matter of the improvement of the 
grade of a sand, screening may be condnned with washing without 
much difficulty, and clayey and silty materials may be washed out 
by suitably controlled streams of water. If an elutriator is set iq> 
in the works’ labomtory, analysis of the sand or crushed ritck will' 
give an indication of the velocit}’ of the sti-eam of water which will 
carry off all grades below that desired. For cei*tain glassesyt is not 
too exjrensive to treat local sands on a lai'ge scale in water-currents 
adjusted to this determined velocity. The jirocess, in addition, 
will clean the sand of dirt and possibly some ir-on oxide. A velocity 
of 3‘5 mm. jrer sec. (42 feet per hour) is the theoretical velocity 
which will carry away all jrardiicles (which can mo;jt;e freely) of 
diameter less than ’075 mm. The use of a greater velocity than 
this will be necessary on account of the friction of sluices, etc. and 
the bulk of sand treated. An aiioblast may be used, as it is occa- 
esionally rn engineering practice or for' filti-ation purposes, to cleai* 
a sand of fine^material. Such a blast<of about 1 ’5 metres per second 
(about 4’9 feet per second) will carry off all particles of diameter 
less than OT mm. ^ o 

The imjwi’tance of sci’ceiiing sands and crushed rocks to Tree 
them from course giains and fragments which would remain 
as undigested “ seeds ” or “ stones ” in the glass, has already 
been emphasized. is frequently of value to fine-screen a 
glass-sahd also. Mr. C. J. Peddle, chemist to Messrs. Wood Bros. 
Glass-Works of Barnsley, has demonstrated the impro4^ement in 
the properties of glass-melts made ^‘rom sands sifted to 80-mesh 
®('0‘22 mm.), the portion passing the screens being rejected. The 
reason for this is threefold. Cla^ and silt ar6 removed as by 
washing. The surface -area of grams increases relatively as they 
decrease in diameter. The grains composing the fintf^grades of a 
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sc;rkemng and burning of sands. 

• • ® 

san(> tlierefore tend to eatiTV a felatively creator ])ropoi'tioi^of 
f&rruginons and clayey coatinj^s. In "Wie third jdace, the proi- 
*p6i^ion of'Jieav}’ detrital minerals* ij^i a asand) (including the 
objectioil^hle zirDbn, rutile, and irovheai’ing miiTCrals) rises with 
decrease in gradi'-siA*. ^fhe following tigures * illus^i’?i*te this 
point ^ ^ 

ILenvij Mnirratii In G/(is,s->lan<Is. 

Variation witjv grade of ])gnvnt>ige.()f cro]) having a density 
® - greater than 2'S. 

I . ’ : 

Grade-hize in mm. | 


P 4 ^ 

I 0^^125 4o5. 0-05 0-1. 0*1 0-2. 0-2 -0-4. 


Park La^, Keisato . 


•407 % 

•098 y 

•014 7 i 

AshursTrtX)oTlt 

l-2(> 

• 25:1 

•lOl'^ 


Longdown 


•302 

•050 

i 

Denford 


•^70 

•230 


Jarvis Brook, Crowhorough . 


•'700 

; -000 

•024 1 ' 

Tadinarton 


•350 

•098 

•008 i 


, • Dry-screening may be adopted to im])rove the grade and iron 
content of certain sands, where the coating of the quartz-grain 
consists of the valuable kaolin and not ferric oxide. 

• 

(c) Bnrnhig . — The better-class sands are undoubtedly improve! 
by ignition. Water, often an objectionable eon.stituent, is drivei 
ofF. Organic substances are burnt out, and an improvement ii 
whiteness results. Impurities whi(‘h have been introduced during, 
i^ansit, e.g.f.iXwi and coal (when the sand is brought back h) 
coal-barges as ballast) arc eliminated. For very specual work, sucl 
as optical glass or the tinest crystal ware,^t is advisable to wasl 
and burn even a very pure sand Mke that from Fontainebleau. 

Burning, therefore, cleans a sand if it has been darkened by in 
eluded peaty matter, but if th» discoloration is due to sfaining by iroi 
in a slight degree, the sand becomes a^arker grey, fcrown, pink 
or i^d colour, the usual change being tHat from the hydrated oxide 
limonite, to the anhydrous oxide, hemajtite. The effect of burning 
thus yields in most cases a rough incflcation af the^amount of iroi 
present as staining, that in the heavy minerals, as already ^stated 
usually being of little importance. If tHb burning is carried oi 

* These are a selection from the results of a lengthy series of experifnenti 
which were carried out by my i&'iend, Mr. V. C. Tiling, M.A., F.G.S., of th 
Royal School of Mines (Imperial College of Science and Technology), am 
which he kindly permits me to quote. 

t The heavy crop in the grade 1^0*4 mm. diameter amounted to less thai 
0*001 per oen|. 
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TIIEATMEXT OF SA\1)S AND HOCKS. 

0 _ f * 

iimkr standard (‘(',nditioiis, tlie teih}K,‘ratnre bein^^ reconled bv niG,.tiis 
of, a ])yr()iueter, and llu* iTicivast.' in colour com])ared with the tint 
of knovvp standi^'d niatcriffls, an a])|)roxiinatc id<*a of tlic amowiit 
of iron and organic inatkr present may be obtained. M'o/d of the 
Jlritisli t{c|)o>>its iind(‘r c()nsid('ration darken <m heating, as do also 
the Belgian <j;lass-sands "'>0 e\tensi\el\ nnal in tlli'^ eonntrv. The 
,Vtter are alm(»st white, hut attain a shi^litly ])inker colour, while 
Duteji sand heeonu's ^.-eyer. Of Hlie hwv Hritisli de]M)sifs wliieh, 
like Font-iineblean sand, sliow no ehan,!^e on lieatino, tlu' following 
may be' mentioned ; the bevt v|ualit\ saial from A^lesburv and 
M'leeted (lodstoiu' and l{em:ate sands (Lower O-reensand), simd 
from AliiekiNli iMoentain, Oo. Donegal, and a sird from Aberiifele, 
North Wales itlu' last, two contain ferniL^nnous jiatehcs Axhicli 
darken e( nsideralil} ). Pun- wliiti' saial, .tones, such as the ('oal- 
Aleasiire Sandstone from iiise!e_\ , lu' r Leodv^ aKo sIiow no change 
of eoloui’ on liea|tino. 

Many o'lacial sands ajipear to lie li^lit-coioured and hiirlv ])ure, 
but on e\amir"tion ari' usuall\ found t«» contain Iik.o- ■ jiellcts 
(often re])r(*s(mt in^,Mtecon']»os(‘d iron-beann;Lj; minerals'i’. d’he\ burn 
u|» to a niiicli darker colour. 


(d) ('lin/ncdJ - ( )t her processes for the puritication of 

sand froiVi iron an' too ei>st!_\ if an\ ojvat (juantitv of tlie sand is 
re(|uii’i*d in industrv * Ai'ids oni\ jiartialh clean the sands, e\( .1 
with ajiplication of h(‘at. 11 \ droeliloric acid has been used m this 
way, hut the solution of iron oxide is never coinjilete. Bv raising; 
a mixture of a sand with ahout 2J ]>er cent of common salt to a 
red heat, and afterwards lixiviatiiii^ with water, eonijilete ])uriliea* 
tion from iron is obtained t hri'atimmt with sodium h\drosulphide 
is said to yield th(' same result at kiwer tem)>eratures. Nitre-cake 
has been successfully used on a snuill scab' for dissohint; out 
ferru^nnous and other com])ounds from sands. It tousists of a 
mixture of acid and neutral sodium sulphates, its hleachint? 
jiroperties deiiendini^ u])on tlu' unn'cotcn'd five suljilmric acid 
]iresent. Nitre-cake has also bceh recomnu'ndcd for use in ^lass- 
*makin^ as a ])artial substitute for ])dtash. A by-product from 
ex])lohive worbs, it was obtainable before the outbreak of war for 
the mere cairyin^ away fnan tlu' tips, or for a nominal price of 
1/- ])cr ton. Since 101 1 the di'Uiand f >r it has larj^ely inercastHi, 
owing to the unrecovered '-acid present, and the jirice is now 
alx\ut 17/- ])er t m at 'the works. 

As an examjile of what can he done in the way of cleansi^'g 
sand, tlie following aDaly‘''es may 1 h‘ (juoted. A vellow-hmwn 

* Ihe largest glass-making firms each use UH*,000 to 150,OtX) tons of sand 
a year. 

^ t Patent Ko. 8495 (,1914) bj ,1. CJ. A. Rhodin, “ Improved Means for and 
Process of Bleaelung Sand.” The same idea was augge.--ted in Bassett’s 
jiatent for the extraction of potasli from felspar, U.S. 1913 (see Potash Salts, 
U.S. G. S. Mmonil Iti'Hources, 1913). 
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. • * * * 

Triassic si^nd^tGne from tivated 

iiitre-eake, and yiddod a clean white sand 

* ’^before treatment Fe O, 0'20 perVu^t. 

After k-eatmeiit^ • Fe 0, (o) {b) 0-048 (r) u-045 per cent. 

• • 


Aii((/t/gtg of 

SiO 

AlO, 

Fe ,0 , 

(!:ab 



Lo^s on ijjTintioTi 
Tofiil ^ 

'riii^ wliit^* sand doc^ n«»t c hartL' 
Tli(‘ amount of alumina m tl 
])roduct fTaTifTf^ hcc-n u^-ll scrt'ciu 
sized sands can he su)»|>licd. The 
follow ini' meehanii-al analvsi-s mdi 


trrtitnl 

lOVaO per cent. 

:v.M • 
o-o:{ 

0-10 
0* 1 f 
0-14 
o s:; 
o ca; 


WSCt pel cent. 

‘ e^flour on hurnm*( 

IV malenal is notewortl)\ The 
‘d and washed, se\(’fal different- 
|irodueta are w(*ll-i(iaded, as the 
call- • 


OS. MS. 

Fs. 


S. 

1 >05 A >025 A 

• Sample 

* <„ 1 mm < 0 .>. 

•0 1 A ,^0-01 A- 
' 0 25. <01. 

<'0 0] 

mm. 

4'*tiil 

fsand-K'nido 
,>0-1 mm. 

1 0 1, 15 a 

82-7 1 5 ' 

0 t 

1)8-1 / 

2 * 

1)4-7 , 1 2 

1 1 

1)4-7 


Material of rather coarser ^rade than tlii^ will also he available. 

Sodium carbonate (washinjjf soda) may also he employed for 
cliMnsing puf^*o.ses, as the tbllow'ing ligun*v of a sand from Leighton 
Buzzard indicate* : — 

Before treatment, Fe^O,, 0-04 per cejit. , after treatment, 0*015 })er cent. 

These inethod.s are usually too costly exceyit where pjire .sand is • 
re([uirt*d for very special w’ork,* such as optical glass. 

• 

Ma^neiic Endeavours to remove objectionable 

heavy minerals from a sand are not, as« rule, paying ]>rof>osition8. 
Electromagnetic methods have, howevVr, been ipjdicil in glass-wo^ks 
i%the United States of America to the frt‘edng of an otherwise 
suitable sand from such iron ores as inagiltdite. Separator^ have 
only Ix'en employed where high-class gla.ss is made, and it i« 
claimt^d ttiat th(? colour and brilliancy are imjiroved as a result 
of the treatment of the sgnd. Other iron-lH*aring minerals 
(including silicates, etc.) less j)eniieahle to electromagnetic action^ 
can at the same ftme be remov^. 

If hard rocks, such as well-cemented sandstones and quartzites, 
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w^Ncrusbed foi<s glass-purpo^s (see below), magnetic sepaifation 
must be resorted to m order to free the prbduct from fiug- 
ments of iron Gor stteel obtained from the rolls or^ jaw s of othe 
crushing-plant. The procesg is similar to tha4i^ employ»ed 4n the 
prepark'Yion of raw materials' for the riiinufacture of p6tteiy. It 
Kas not been found ifeeessary to apply this treatment to s%ftd 
^ btained from soft grits and sandstones. 

As ^ example illustrating ‘Lhe necessity of electromagnetic 
treatment of the product obtained by crushing a rgck, the following 
may be mentioned : — 

West of England China Stone & Clay Company. 

China-stone oriihhed at Par, Cornwall: 

Product before electromagnetic treatment ; Ir^n estimated as Fe 203 ,‘ 3‘12 p. c. 

„ a^ter 0*08 p. c. 

About one Qwt. of iron is abstracted weekjy from about fifty tons 
of the crushed rock. ° 

(For analysis of this china-stone, see pag'e 120.) 

The amount of ferruguious matter introduced by crushing rocks 
may be gauged fi*om the following figures : — 

Iron-content estimated as 

Westf^brt Sihca (vein-quartz from Achill I.) : 

before crushing, 0*004 per cent. ; crushed product, 0*04 per cent. 

Meldon Valley rock (aplite) : 

before crushing, 0*15 per cent . ; crushed product, 0*27 per c^nt. 

(f) Grinding or Milhng—OxAy for the best glasses for optical 
purposes is it advantageous, if at all, to grind the sand to a fine 
even state. Better mixing and more regular and rapid melting 
may thus be ensured, but the expense is considemble.© The process 
has been adopted in the making of laboratory glass-ware, but if is 
doubtful whether any^great advantage accrues. The procedure is 
not always followed m%he making^of optical glass (washed Fontaine- 
bleau sand being frequently used) or^ in the manufacture of the 
best crystal ” table-ware, although .many of the authorities on 
glass-making are convinced that a better result is obtained by its 
adoption. At the same ^lAie many of ^hose now engaged upo|i the 
manufacture of optical glass are not in favour even of grinding 
tl^ batch. H is c®ntended®that air-bubbles are introduced in the^ 
finematerial, and that “fining” (see page 38) is therefore rq^re* 
difficulj to effect. 

drushing Strengths . — It is of considerable economic importance 
to know the crushing strength, i. e. tfie resistince to pressure before 
the rock breaks down, of the chief rocks which»have been recom- 
mended as sources of silica and «.lumina for glass-making, and 
incidentally for refractory purposes. 



CEUSHINft STEEN^GTHS. 129 

t • 

Tke crushing strength of pegiriatites is very^ similar to, ^but 
fterhaps rather less than, that of granites, ♦which varies from about 
12,^00 38,000 lbs. per square inch. * Ai\ avlrage^gure is.perhaps 

18,000 Ins.* per square inch. • 

Sandstones vary very much in their crushing strengths according 
tS *the degree of their consolidation and cnaracter of the matrix. 
A moderately soft sandstone from Plean, N.B., has a crushing- 
strength 'of 953 lbs. per square inch, wMle a finely-ocmented 
quartzite may have a crushing strength of over 30,000 lbs. per 
sqyare inch. So4ne sandstones i^sed as building-stones give ‘way at 
les^han 5000 Ibt. ]9dY square inch. Others withstand successfully 
a«pressure of 16,000 lbs. per square incli. • 

The ^verage crusliing strengths of some of the rocks which 
hiive been crushed and put (fti the market as glass-sands or refractory 
materials are giveji in the f(?ll(^ving tablei The tests were canned 
out in the Laboratories of th>i Ci»y and Guilds, (Engineering) 
^College, (Imperial Coflege of Science and Technology), with the 
kind co-«p«iw4ion of Pn^f E. F. D. Witchell, cubes o:W2'5 ins. side 
being used, exdipt where otherwise stated »— 

Spital Sandstone 1,450 lbs. per square inch (3-inch cubes) 
Meldon Eock . 24,100 „ „ „ (3-inch cubes). 

Stiper Quartzite . . 32,000 „ „ „ 

Appin Quartzite 32,200 „ „ „ 

Holyhead Quartzite . 30,600 ,, „ ,, 
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rOEEIQN GLASS-SANDS. 


CHAPTER XT. 

Foreign GLass-S.\nds. ^ , 

A discussion suitable British i^lass-sands would not be 
complete without comparative notes upon some widely-us^ Con- 
tinental!, and American examjdes. Notes upon a few well-known 
foreign glass-sands are tlierefyre apjjcnded. 

Etrorean Sanj) 

t*, 

§ Lippe Sand. < 

This sand was imported into Britain before the war for the 
making of silica-ware and certain special varieties of glass ; but 
its use was not extensive. Two different samples of this famous 
glass-satid from Horen trup, Saxony, were suj)plied to the writer 
through the kindness of Hr. Walter Kosenhain, F.R.S., Hirector 
(if the Metallurgical He])artment, National Pln^sical Laboratory, 
Teddington, and were subjected to ana|ysis and examination. 

The sand occurs in de]>osits of Miocene age, and is a^sociated 
with rafts of braunkohle*. In this connexion it may also be , 
noted that the valuable glass-sand of Hohenboeka in Prussia, 
■occurring in Miocene strata, is also associated with carbonaceous 
layers f. 

Both samples of Lippe sand are beautifully white, of betfer 
•colour even than tliat from Fontainebleau. The better sample is 
finer in grain and reiuarkably even, while the second is rather 
coarser. The chemical analyses ^re as follows : — 


4 

I.'J 

II. 

SfO, 

. . 99*88 per cent. 

99*73 per cent. 

A1,0, 

’ ^ 0*18 

0*20 

Fe^: 

n.d. 

n.d. 

Loss on ignition 

^ 0*21 

0*23 

Totals 1 

100*27 per cent. 

100*16 per cent. 


* ^Jahresb. niedereachB. geol. Ver. 1910, p. 185 ; and Zeitscbr. d^utsch. 
geol. GeBellsoh. Band xl., 1888, p. 310. v 
^ t E. Keilfiack, Jahrb. K.-prenss. geol. Landesanet. 1908, Band xxix. pt. ii. 
p. 214. 

X Separate estimation of iron gave:*I. 0*02 percent., II. 0*03 per cent. 
Analyst : E. Spencer. These values are probably too high, (j 
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It# is said that, such is tjie reniiirkahle constancy of chemfcd 
ptrity, the sand *is guamnteed when soM to contain 99 '98 pe^ 
of sNlica^ * “ * , 

The* mechanical analysis of the finev ana better sample 

& <1 mm., one or two grains; >0*25 ^ <0*5, 78*6 % ; >0’1 
<0'25, 19-9 % ; >0*01 & <0-1, 0*4 % ; <0'01, M % *. Total sand- 
grari^; ■>0T & <1 mm., 98'5 %. * • 

• res MS FS c S '! 

•L tr.’ 78-0’ 19*9’ «»'4’ 1*1 ’’ 98'5‘J 

4 • • 

'^iMeasurement im(>‘r the microscope shows tha^ the average dia- 
meter the grains is U3*mm. (or ])erhaps slightly less). They 
UR* composed, with the exc?^)tion of the few detrital minerals, of 
colourless clean quartz and a very iittl? felspar, suhangular to * 
angular in shape. [J'he mechanical analysis o4 the second 
Sample i« : 

>0-5 & <1 mm.,1o-2 / ; >0-25 & <0’5, 85'8 % ; >0-1 & <0-25, 1-4 % ; 

, >0-01 & <0^1, 1-0 % ; <0-01, 1'6 r *. •Total sand-grade >0'1 & 

<1 rnm., 97'4 /^. 

* MS FS c _ S ~j 

Lio- 2 ’ S5'8’ r4’ To’ To ’ 97'4J 

t 

The grains, uhieh are suhangular, are similar under the micro- 
scope, hut are for the most part nearly O'o mm. in diameter. 

The li^avy I'esidne of minerals was small in each case (less than 
^•O'OL per cent, hy weight), hut, as is often the case, was greater in 
the liner sand than in the coarser. 

ddie former yielded a }>retty residue consisting of abundant zircon 
and red-hrown rutile, rather rounded, and averaging ()'12 mm. 
diameter, tog^her with large kyiinite fragments uj) to 0‘7 mm. 
lon'g, and coarse staurolite and tourmaline grains. The staurolite 
is deep golden-hrown in colour, of diameter p’2 to 0'3 mm. The 
tourmaline occurs in grains up t3 0'3 mm. diameter, of hrown, 
greyish, greenish blue, and deep blue colour. Magnetite„ilmenite, 
leucoxene (0'2 to ()'8 mm. diameter), and limonite occur. Small 
and non-pleochroie dusky grains of and^lusite occur 'less com- 
«monk^ and chlorite also was «een. 

^ The second sample yielded a rather coih'ser residue, consisting of 
abundant pleochroic andalusite (U'3 mm. dia*m.), iarge,. yellow, 
grej-brown, and greenish tourmaline (0'3 mm. diam.), deep green 
hornblende (0*2 mm. long), and ilmenite. * Staurolite and zircon 
occurred in small grains 0*05 mm. long. Chalcedony was also 
.seen in* the fknd. ’ 


■ Hygroscopic water included. 
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§ Fontain^lean Sand. 

The sand, of Upjer Oli^bceiie (Stampiaii) age and associated 
with lignites *,( occurs in \ 30 nsiderable quantities at Fonijftinphleau,. 
near P|iris. ' , ■ < _ ' 

t The mechanical aqfl chemical composition are given inrthe 
Tables, and the general properties are discussed in Chapter V. 

The sand costs upon deli very cat British works from I2s.^to 39s. 
per ton* (rising to 50s. and 60s. through war-difficulties), according 
to distance brought on rail, ai? average price beiiig 17s. The cost 
has, of course, increased owing to* th‘e war; and fjw somo time ter 
the outbreak of war, as well as again at the lime of -writing, diffi- 
culties existed, cfiie to sliortage of labour and ships, in getting*^it 
through to England and Scotland. 

§ Belgian Sand. 

The sands cost, upon delivery in this cduntiy, frofn 4c,. to 16^». 
per ton. They often arrive as ballast, packing fir*i«.ttles, etc. 
Large quantities were s^mt from the Campine. * 

Some of the sands arci, shipped from Rotterdam, #ind the unequal 
quality since the outbreak of war leads to the sus])icion that some 
of those now being supplied may be inferior Dutch sands. Muck 
variability in tint and slight differences in mechanical composition 
occur (see Tables, pages 166, 167, and Fig. 10, page 50). The sands 
may be almost white, a very pale grey, or a marked pale pink, in 
part due to the presence of pink quartz. Their iron-content is 
slightly greater than that of Fontainebleau sand, and they burn to 
a rather darker pink shade. Washing does not improve fte colour 
noticeably. 

One sample from Barnsley Glass-works, which was analysed, 
proved to have the following chemical composition : — 

SiO^ 99'38 per cent. • 

AI 2 O, 0*30 

Fe,0, .. 0-02 

Loss (fti ignition ^ . 0*23 

Total .. 99 '93 per cent. 


Mechank?al analyses show the following grade-proportions : — 



CS. 

>9*5 & 
<1 mm. 

'v i 

1 

MS.* 
•>0-25 & 
<0'5. 

FS. 

•>0'1 & 
<0-25. 

>0'01 & 
<0*1. 

c. 

<0-01. 

, -•) 

c ^ ^ 

S ® 

Total sand-grade : 
>0'1 & mm. 

Knottingl^ 
GlaM- works. 
Barnsley Glase- 
works 

1 9-6% 

« 

83-3 % 

5'9 % 

1-2 % 

0'/) % 

^ 98'8 % • 

A 

0 

1 

99'3 

0-3 1 

0*4 

O'D 

99'6 








* “ Bevigion de la Fenille de Fontainebleau, ” Bull. Serv. Carte g^oL Franoey 
ISto. 122,' Tol. xix. (1909) p. 9 ; and numerous other referenoeif 
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Q\tii*tz, somewhat rounded, to subangular, niakes*up the bulk of 
.th*e sand, but cleavage-flakes of felspar ar^to be seen. Th^eavy 
Tt?sl5ue is |maJl, and of the type which ‘in^Brilkin c|>aracter^zes the 
Pliocene lleposits, * Among, the coarse dense grains are Iganite,- 
ar^dg^lusite, staurolite, Tutile, yellow-brown tourmaline, iron* ores, 
etc. * * 


§ Dutch Saikd. 

• 

Tli^ prices of Du^h sand have varied considerably in pre-war 
ai'yj present times, t]^e mnge being from 9s. to 23 ^j. per ton. 

Only a few samples have been analysed. Tffey had a slight 
gr^ey or%’own coloui*, some darker than Belgian sand, and diifered 
to some extent in grade-perc(fnkage (see Tables, pages 166, 167, and 
Fig. 10, page 50)? Occasionally^ the^ sand is « white and equal in 
<^uality that from F(?ntainebleau. * 



• 


The chemical analyses of two samples ani: 

as follows : — 


Knottingley 

Edinburgh & Leith 


Glass-works. 

Glass-works. 

SiO, 

99*23 per cent. 

99*63 per cent. 

Al^O^ 

0*50 

0*35 • 

• Fe ,Ot 

0*02 

0*03 

• Cab 

n. d. 

0*08 

MgO 

n. d. 

ti*ace 

Loss on ignition 

« 

0*22 

0*19 


*> Totals 09*97 per cent. 100*28 per cent. 


The grading composition is indicated by the following results of 
mechanical analyses : — 


- CS. 

! >0*5 & 
<1 mm. 

MS. 

>0*25 & 
<0*5. 

FS.. 
t>0*l & 

<0*25. 

• 

s. 

>0*01 & 

<0*1. 

A • ' 

O G> 

s. 

Total sand-grade- 
, C>0*1 mm. * 

Knottingley 






• 

dllasB-’ij-orks. 

0*7 % 

68*0 % 

• 30*8 % 

0*5 X 

0*0 % 

99*5 % 

Y(»k Glass- 




• 



works 

0*4 

93*5 

4*8 

•1*3 


98*7 

• 


* • 

The heavy crop is a rich and abundant one, consisting of well- 
rounded gr^ns 0-15 to 0*2 mm. diameter. The minerals preset, 
besides quartz and felspar, inc^pde purple and brown tourmaline, 
epidote, staurolite, kyanite, red garnet, green hornblende, zircor, t 
• andalusite, muscoV^ite, ilmenite and leucoxene, magnetite, limonite, 
etc. 
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American Hig^i-Grade Glass-Sa^ids 

For the samjlies of sands' upon which the following dt^scriptions 
ire hag^], the writer is indebted to Dr. G. Otis Smith, the Director 
pf the United States Geological Survey. 

The beauty and hi^ quality of the best American glassware 
have long been known to thos^f concerned with the indqstry in 
Britain^ It may theVef ore be of interest to give a brief description 
of the best glass-sands prodpced in the United States. The 
samples were collected by Mr. Kalph W. Stoh^, whose val^ble 
accounts of the American glass-sands and tfeeir treatment nave 
been of great us# to British workers. For additional infonnatidh,. 
therefore, reference should be made to^'his descriptions of tsoine of 
the sands in Bulletins 285 and 815 qf fhe United States Geological 
Survey and to the Anndal ^e}K)itiS on M ineral ' Resources (<“. y., 
1911-15). T^e following notes ^ are based upon exqimnation of 
the samples supplied, but the accompanying lett ers ^ ffc m the 
sand-merchzMts have given information as to tli^' treatment to 
which the matenals ha\<i> been subjected. 

It will be observed that the crushing, screening, washing, and 
drying of the sands are more carefully and thoroughly carried out^ 
across the water than here. British glass - manufacturers wilf 
doubtless note this with interest, and endeavour to impress the 
fact upon the sand-merchant at home. We should remember, 
however, that the American quarrying and treatment are carried 
out upon a large scale and that greater facilities for transjioif appear 
to exist in the United Stiites than in this country. , 

For comparison with British dejxisits, it is interesting to note* 
that the glass-sands are obtained by the treatment of friable sand- 
stones, all of which are of considerable geological age. They 
range' from Cambrian quartzite to Carboniferous sandstone. 
Similar materials have been recommended from ^'tfiese islands,, 
and the writer has dealt elsewhere with such resources. It is. 
interesting to note, however, that all the best West European 
glass-sands, including many of those from the British Isles, come 
from geological deposits of Tertiary 'age, i. e., are comparatively 
recent in fbr&iation. c 

The £acb> that practically no compound grains are present in 
these American glass-safids points tot friability of material^ and 
care in treatment. All care highly quarizose and none very 
aluminous in ^haracier. The alkalies have not been estimatedr 
since in ‘most cases they are either absent or exceedingly small <,inf 
amourtt f. The rainerrfl-co^itent in all the sands is small, and the> 
few dental minerals are mostly of the common, very stable, type. 
The^ iron-content throughout is remarkably uftifomi*^and'^ low^ 

c 

• Thi* aoooimt is reprinted with alight modifioationg from the ‘ Trami- 
aetionaof ike Society of Glass Technology,’ voL i.(1917)p. 147, by pSmuMiim 
uf Council of the Society. ^ 

^ All the analyses have been made upon the trefite4 samideslie veeelyed. » 
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nam^y, about 0*02 per cent. . In some of the sandS, such as th^se 
frW the St. Peter 8 sandstone, the very puffe appearance of the sand 
Wifld lead the observer to expect a smalier jftrcen|age even than 
this. 'When the hhavy miijerals are examined, the reason is clear.- 
Ii^IJiese cases, the ironipercentage is due to the authigeno^^_py7•^^(? 
(FeSJ present. Most ot the san(Js show Ro change of colour oif 
ignition. 

SuffiMent material could not be spared for the purpose of working 
out the mineral oomposition of each^sand exhaustively. 

Sand frbm the.Ottawa Silica Company, Ottawa, Illinois. 

The ^fend is produced by crushing the very friable St. Peter’s 
ssfhdstone of Carboniferous* a^e ; the Company state that it has 
been washed twkje, steam-dried, a|d screened. It is slightly 
greyish in (;olour, aiuk consists >of beautifully rounded grains, a 
leAV of ^hich are spherical, most being spheroidal. The surfaces 
are in many* c^ses roughened and etched. A few large grains 
occur. • 

■ The chemical analysis quoted by the Company is : — 

SiO,^ 99‘82 per cent. 

AiPj and Fe.^0 , 0*05 

CaO and MgO 0*13 

Total . . lOO’OO per cent. 

and that,by Dr. Harwood and Mr. Eldridge : — 

SiOj . . • . . . 99*48 per cent. 

Aip, .... 0*16 

Fe^Oa . 0*02 

CaO 0*11 

MgO . 0*05 

Loss on ignition ... 0*13 

Total .... 99*95 p%r cent. 

The mechanical analysis is follows : — 

>1 mm., 0*5 %; > 0*5 & <1 mm., 21*6 %; > ^*25 & < 0*5, 75*6 > 0*1 

A < 0*25, 1*.8 %; > 0*01 « <0*1, 0*35^; < 0*01, 0*7 %. Total sand- „ 
grade, >0*1 mm., 99*0 %. ^ • 

r yes cs MS ^ "I 

Lo*5’ 21*6’ 75*6’ 1*3’ 0*3’ 0*3’ 99*0* J 

Th^ he%vy detrital minerals are small in quantity (0*02 ^per 
cent.) and of little interest. Many are well-rounded, blue and 
brown tourmaline, zircon, and large garnets (0*2 mm. diameter) 
being notable. Pyrite with excellent crystal form is abundant, 
and IS undoubtedly authigenoift, that is, has been produced since 
the de|K>6itkili of the sandstone. It has suffered no abrasion. ' 
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pi^nce probably accounts for the 0:02 per cept. of Indi- 
cated in the analysis, ar^ amount larger than the appearance olt 
the sand would |pad tfe to ^ipect. ** ^ ‘ 


Sand from the Wedron Silica Company, Ottawa, Illinois.* ‘ 


This sand is of the same age the last, and is stated^ hy the 
Company to be washed twice, thoroughly dried, and screened. It 
is a beautifully white, clean saijid, composed of perfectly rounded 
grains (Plate V. fig. 2). The descHption of^ tKe Ottawa S^ica 
Company’s sand applies to this sand also. 

Dr. Harwood’s ihemical analysis is as follows* : — 


SiO, . . 

Al^O^ 

Fe,0; 

CaO ■ 

MgO 

Lobs on ignition 


99*08 per cent, 
r i-12 
0-02 
013 
trace 
0-17 ' 


To^l .... 100*02 per cent. 


The mechanical analysis indicates : — 

> 0*5 & < 1 mm., 6*1 %; > 0*25 & < 0*5, 88*4 %j > 0*1 & < 0*25, 5*1 %; 
>0*0l & < 0*1, 0*2 %; < 0*01, 0*2 %. Total sand-grade, >0*1 mn^, 
99*6 %, 

res MS FS _c_ S 
Le-l’ 88*4’ 5*1’ 0*2’ 0*2’ 99*6 J 

The heavy detrital minerals, as before, are highly rounded, 
averaging 0*12 mm. diameter. The pyrite, which is again abun- 
dant, is clearly not detrital. 


Sand from the Berkshire Glass-Sand Compaq, Cheshire, 
Mass. 


The sand is produced* from a crushed Cambrian quartzite. The 
Company state that it is washed* thre$ times and passed through 
40-mesh , b]*ass wire-screen. An average sample of the sand 
taken from tlie quarry (and therefore unwashed) by Mr. H. C. 
Demming, who was investi^ting silica-sands for filtration -plant, 
had a composition as follows : — * 


Sllic^ 

AlnmiTift 
Iron oxide 
Lime . . . 

Magnesia 

Phosphorus oxide . . . 

Sodium and Potassium oxides «.. 
Sulphur 

Organic matter and loss 


99*28 per cent. 
0*49 
0-.34 
0*12 
0*003 
0*0047 
0*38 
0*0096 
0*17 


Total 


100*7973 per oen% 
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. •• • 

qr. Harwood’s analysis of the washed sample supplied is 

SiOj , »99‘0^ per cent. 

AI2O3 * . 0*30 t 

Fe,Os 0^3 

* CaO . . • .1 0*15 

MgO . . non^ 

Loss on ignition , 0‘21 

Total • .. 99*69 p«r cent. 

A mechanical* analysis gave the following information 

>0« mm.,* none ; ^0*i5 & <0*5, 76*6 % ; >0*1 & <0*25, 21*3 % ; >0*01 & 
CH, <0*1, 0*3 % ; 1’8 %. Total sand-grade, >^1 mm., 97*9 %. 

pMS .FS R _1. S 1 
176*6’ fl*’3’ 0*5’ 1*8’ 97*9’ J 

• * » 

The sand is nJther fine-grained, ^gary to the touch, and fairly 
angular. The detriM mineiaf assemblage is grejfter in amount 
(0‘04 pex .cmt.) and i^ore interesting than that of the Illinois^ 
sands. Mucli limonitic matter occurs, and muscovite mica, 
chlorite, green hornblende, tourmaline, an^ zircon are also present. 
The sand is widely used for the finest cut-glass. 

Sand from the Berkeley Glass-Sand Companv. Berkeley 
Springs, W. Va. 

• This sand is the well-known high-grade deposit from Berkeley 
t5prings, used so largely for table-glass and the best ware. It is 
produced by crushing the Oriskany sandstone of Silurian age. 
After being crushed, it is sent through a wet screen, then 
steam-dried, and, finally, once more screened. It is kept in concrete 
storage-bins of about 1500 tons capacity, the daily production being 
about 400 tons. 

The chemj^cal analysis indicates (H. F. H. and A. A. E.) : — 

SiO.j , 99*65 per cent. 

Al.O^ 0*11 

Fe.O^ 0*02 • 

CaO ' 0*12 

MgO trace 

Loss on ignitfbn 0*23 

Total, 10!>*^3 per cent. 

The mechanical composition is as follows 

::^*5 & < 1 mm., 1*5 %; > 0*25 & < 0*5, 97*1 %; > 0*1 & < 0*25, 0*8 % 
>0*01 & <!*0*1, 0*2 %; <0*01, 0*4 %„ TStal sand-grade, ;:>iT*l mm., 
99*4 %. 

• •res, ^ c S ~1 

Li-5‘ 97*1’ ^*8’ 0*2’ 0*4’ 99*4 J 

The sand is fure white and consists of somewhat irreguh 
grains (Plate V. fig. 1). The detrital mineral percentage is 
*mall‘(0’01f)er cent,), and is of the usual type. 
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Sand from ^lle Juniata White Sand Company, Hanover ^t.^. 
Baltimore, Majryland. . ^ 

The qtiarry of^the Juniala ^and Company is at Mapleton, Pa., 
and is akfj in the Oriskany sandstone. The, rock is crushed, and 
is«iaid to go through washings and three screenings. 

Dr. Harwood’s analysis is as Mlow^s : — 


SiO, *' 

99*33 

Al,6, 

0*16 

Fe‘0, 

,, 0*02 

Cab 

0*15 

MgO 

0*11 

Eosh on Ignition 

0*20 


Total 99'i‘7 per cent. 

The mechanical analysis yields yie following information as to 
grades : — * » 

Si mm., 1’6 % • > 0-5 & < 1 mm., 11-2 % ; >0-25 & < 0‘4 8?T%; >0-1 
& < 0'25, 0-4 % ; > O’Of & < OT, OT %; < 0-01, I’O %. Total sand- 
grade, >0T mm., 98'9 

rvcs CS FS c _ ST 
Li‘6’ 11*2’ 86-7’ 0-4’ OT’ 1*0’ 98*9 J 

The sand is suhangiilar, a few spherical gmins only being seen*' 
The detrital mineral percentage is small (0-02 per cent.), consisting 
largely of zircon, tourmaline (blue, green, and brown), ilmenite 
and leucoxene (0'2 mm. diameter), rutile, and blue anatase., 


Sand from the Tavern Rock Sand Company, St. Louis. 

This glass-sand is produced by crushing the friable St. Peter’ 
sandstone of Carl)oniferous age. The Company do ndt w^ash an}j 
sand, but crush, dry, aud screen once. The ejuarries are at Pacific^ 
Mo. 

Dr. Harwood’s analysis is as folkws : — 


SiO, 

A1,0, 

Fe‘0) 

CaO 

MgO 

Loss pn iguitior 


99*03 per cent. 
'0*23 
0*02 
0*21 
0*05 
0*35 


Total . . 

t 

The composition as given by the 

SiO, 

A1,0 
Fe,0 
CaO 



99*89 per cent. 

Company is : — 

99*97 per cent. 

« 

0*03 


. . 100*00 p^r cent. 


Total 
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• • • _ 

^ Per an unwashed sand, the silica-content is very high and the 
iim-percentage very low. 

The meclmnical analysis is : — 

>1 mm., a few compoiuid ^ms ; >0*5 & <1 mm., 2-7 %; >0l6*& <0-5, 
• • 90-1 % ; >0-1 & <0-25, 6-1 %; >0-01 & t 0-1, 0-5 %; <0-01, 0-6 . 

Total Hand-grade, >0*1 mm., 98'9*%. 

rves CS ]y^ f'S H 0* S T 

L tr. ’ 2-7’ 90*1’ 6-1’ 0*5' 0-G ’ 98*9 J 

sfind is •fairly well ^rotinded, lint not very clean. The 
jiercentage of detrital mineraLs is low (0*01 per cent.) and the suite 
consists chiefly o? zircon, tourmaline, ilmenile, and leucoxene 
^0‘o iHm. diameter) 


vj li/vna-OA > u». 

Uhenffcar?%nd Meclftinical Analyses of several gla‘<s-sands fi’ojtf 
India and Australia are given in the Tal)^#^ on ])ages Idd, 157, and 
.165. Of these, the Jubbuljiore sand istliatused in the well-known 
Allahabad Grlass-works, while for the remainder of the samples the 
> writer is indebted to the respective Directors of tlie Geological 
Surveys of India and Victoria. Tliere is little doubt ^hat the 
Colonies can su})ply tlieir own needs in this direction ; the sands:^ 
•examined by the writer have all been of good quality. 
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CHAPTER XIL 

L'ocatiojj or British Supplies of Glass-Sands. 

I 

General Geologicar Considerati^nst 

With the view oi realizing the geological conditions under whicli* 
glass-sands occur, it is instructive to draw attention to several 
salient facts, in order the better to seifi’ch for suitable supplies.* 
The association of pure white s^inds witfi carbonac<jous matter has 
frequently been jnentioned in this Memoir, ^ndeed, it ina^^be said 
that every example of the better-class glass-sands in Eur ope indicates 
ihat the deposit is associated with vegetable matter. sand 

occurs with rafts of biuunkohle. Hohenbocka sana is associated 
with carbonaceous layers; Fontainebleau sand with lignites; and ■ 
^ylesbury and Leighton sands with peaty layers. Some of our 
purest sandstones occur in the Coal Measures, and, of second-rate 
sands, thq Headon Hill and Bagshot Sands of the Isle of Wight 
*^Alum Bay, Whitecliff Bay, etc.), Dorset, and elsewhere are inter> 
bedded with lignites ; while the white beds of the Nortliampton 
Sands (Inferior Oolite) and the Estuarine Series in Yorkshire are 
found in deposits carrying ]>lant- remains. The well-known^ Brora 
coal in the Jurassic of nortli-east Scotland is associated with wdiite 
sandstones. The purest Ashdown Sands (Wealden) often carry 
plant-remains. The glacial sands of Lancashire, used for the 
making of window-glass, owe their low percentage of iron to the 
association with peaty material. • 

Tlie bleaching of red and yellow sands for a few feet in depth on‘‘ 
heaths and by the action of peat are other examples of this pheno- 
menon. The explanation appears t(^,lie in the reducing action of the 
vegetable matter. Fen*ic compounds Jfi-e reduced to the ferrous 
state, and ave «often carried off in sodition by percolating water. 
Sometimes, however, they remain and are revealed by the return 
of the red colour on burning.* , 

Estuarine or lagoon condjj;ions favour the formation of white 
sands and sandstones. , In our •search for glass-sands, particularly 
in tlfe Colonies, we have therefore a valuable indication of the kin(^ 
of strata in which to look f that is, beds containing coal, lignites, 
peaty matter, etc.) and the conditions under which we may expect 
deposition of the required material to have occurred.* Simplicity of 
composition and perfection of grading are more likely to he found 
deposits of late geological age, as exemplified by the occurrence 
of glass-sands in Western Europe. It is very improbable that any 
new and large British supplies of first-class glass-sands will be 
revealed ; but, in addition to the extension qf supplies How being 
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expjoited, deposits of small extent, at present ufiknovvn, probablr 
^ccur in many cases in proximity fo, Bv along the outcrops of, 
«tftita previyusl3" worked. 


Jjocation oj uritisti isu'p'piies ijtlass-lSnnds. 

(a) England , — Considered stiutigraphically (that is, accordin;^ 
to ga^lo^ical age), the chief localities fo» English supjjies, with 
their corresponding geological -horizons, ma}' be detailed as 
follows : — ■ • 

A * 

Eecent (blowii & shore) Sands. Passim. 

^Glacial. CrankfRainford, etc, (Lancs). 

Deposfts of Doubtful Ag'e (pr^Glacial). Parsley Hay (Derbyshire). 

Brassing-ton (Dert)y 8 hire). 

Low Moor (Derbyshire). * * 
Ribden (SJ^affs), 

Abergele (Denbighshire). 

Rhes y cae (Flintshire), etc* 


upper niocene. 

Lower Eocene. 
Lower Cretaceous. 


Middle Oolites. 
Lower Oolites. 

Upper Trias. 

LdWer Trias. 
Carboniferous. 

Lower Ordovician. 


neaaon ±1111 aanas. 
Barton Sands. 


Thanet Beds. 
Lower Greensand. 


Tunbridge Wells Sands. 
Ashdown Sands. 

Kelloway Beds. , 

Upper ;^tuarme Beds. 
Lower Estuarine Beds. 

''Keuper Waterstones. 

Lower IBunter Sands. 

Coal Measures. ^ 
Carboniferous Limestone, 


Arenig. 


Alum Bay, I. of Wight, etc. 
Fordingbridge (Hants). 
Longdo-ATi, New Forest. 
Charlton (Kent). 

Rochester (Kent)# 
Aylesbury (Buck*). 
Aylesford (Kent). 

Blackgang Chine (I. of W.). 
Godstone (Surrey). 
Hollingbourne & Bearsted 
(Kent). 

Leighton Buzzard (Beds). 
Lynn (Norfolk). 

Oxted (Surrey). 

Reigate (Surrey). 
Ashurstwood ' (Sussex) . 
Fairlight (Sussex). 
Bulverhjiih (Sussex). 
Burythorpe (Yorks). 

South Cave (Yorks). 
Huttons Ambo (Yorks). 
Corby, etc. (J^rthants). 
Denford (iforthants). 

Spital (Cheshire). 

Alderley Edge (Cheshire), 
Worksop (Notts) 

Guiseley (Yorks). 

. IVfold (Flintshire). 

Minera (Denbighshire). 

• 

Stiperstones (Shropshire). 


Most*of thes*e localities and geological horizons are marked uponi 
the map, Plate VIII. The^outcrop of each formation is shown, jp 
order that the, direction of the possible extension of glass-sand 
resources may be indicated, r^ake, for example, the deposit known 
as the Lo\|pr Greensand, from which so many of our best glass-sanda 
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ar^btained. The bed is worked for glass-making at Lynn, Leighton 
Buzzard, Aylesbuiy, and, Aylesford; it was foritierly worked at 
Keigate, Godstoue, Ipiollingbourne, aiid in the Lsle^ of Wight 
Many of these mcalities are marked upon the map, and will be 
seen to^J»e distributed over the outcrop of , the -bed. The area 
in^'^rked by the outcrop i: tlierefore that over which extension of 
the supplies may be expected, and which should he explored for the 
'purpose. Anotlier im]p)rta,nt Imrk.on is that of the Inferior Oolite 
(and in Yorkshire, of tlie iVliddle Oolites also). The beds are 
frequently ^’ariable in tins reives of deposits, luit investigation 
of tlie outcrop wdll doubtless reveal extensions o)r' new deposits of 
the glass-sands. ^ 

The Tunbridge ' Wells Sands and the Ashdown Sands of the 
Wealden area yield im]) 0 ]tant sujqdies oij ])ure sand. The resources 
have not been propei'ly explored, and- aa* certainly great. Unfor- 
tunately, the localities wfiere ^’'they are at present worked are not 
well situat(‘d fof trans])ort. ® ^ 

The Triassic System rarely yields sands .])ure enou^ fVr glass- 
making, and when such are found the best glass- w.ire which can 
be made from them is thtV class of work exem])litied by ])ale bottles. 
The Bunter Sands of Worksop, the Keuper Sandstone of Spital, 
Cheshire, and ijossibly the similar ro^k at Alderley Edge, are 
deposits of this character, the first two being fortunately situated 
near to c<&alfields. 

We may classify these localities broadly according to the kind 
of glass for which the sand may be used. Obviously the limits 
wdll not be easy to define, and moreo\er, as mentioned in the 
Preface, and also on ])age 151, wdth the advance of chemical 
research upon glass, the latitude })erniitted in the conqiosition of 
sands for certain glasses is increasing. 

The shore- and dune-sands occurring ai'ound our coasts are never 
suthciently pure for making other than common bottle-glass. The 
Glacial Sand from Uainford, Crank, and Shirdley Hill iit Lancashire 
is used (after washing) for the making of window-glass and for 
bottles. The Eocene sj^nds metitioned from the Hampshire Basin 
have at present been used only foi**d)etter-class bottle-making, but, 
especially if they are washed, would fie of value for such better 
qualities as lighting- glass, laboratory- ware, etc. The Tlianet Sands 
from Kent are utilized for^ bottle-making onl/. Highly siliceous 
sands, but less pure and more indurated tlian those from the Lower 
Greensand occur in the U]T<[ier Greensand over a wdde area from 
the Jsle of Wight to Wiltshire and Kent. Of the Lower Greensand 
deposits, Aylesbury sand can be used for the manufacture of optical 
glass, table-glass, chemVcal , and pharmaceutical apparatus, and 
many otlier varieties. Leighton and Lynn sands are successfully 
employed for lighting-glass of all descriptions (electnc-globes, 
chimneys, etc.), for laboratory-ware, Hint-bottles, pressed- wai'e, etc. 
Aylesford sand at present goes only to bottle-making areas, but 
like the sand from Reigate, could successfully used for better 
kinds of glass. The Tunbridge Wells Sands and Ashdown Sands 
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inei^ionedas occurring in Sussex, are hot at present worked for glass 
purposes, but as their analyses indicate (ste pages 52-54) they will 
he^of servict^ for much good* glass-ware,^ if eionon^ic considerations 
})erinit tkelr exploitation. . * 

The English Jurassic strata are very variable, and it possible 
fhat sands of great purity not known to iif at jwesent may turn 
but their thickness and extent must be limited. The Corallian Beds 
of ten ’CdiYtain clayey or calcareou^^ sands, and the Portlai^d Sands* 
are too gi'ey or brown and impure for glass-making. 

The Kello way, Beds of Bin^Tjiofpe and South Cave in Yorkshire 
are«of great valife ftir the bottle industry of that county, and with 
iV'ashing could be, utilized for window-glass, ^ghting-glass, etc. 
The Estuarine Sands fnyii Huttons Ambo, when washed, are 
iiuitabTe for the manufaetuire of all (|ualities of glass, even u]) to 
certain optical varieties. Ui^washeiJ, thgy would serve for bottle-, 
making, when the alumina tht^y cditain would be of much value 
on acc(iunt^f its streifgthening jn'ojierties. 

The linfcaior Oolite ‘^Sands’’ of the western area (Dorset Coast,, 
Bridport, Yeofil, Midford, Wotton,, Cottes wolds, Cheltenham, etc.) 
are too ferruginous and are occasionally calcareous. In tlie North- 
ampton Sands and Estuarine Series, beds of whitish sand occur, but 
. are usually calcareous and never very ])ure. The detrital mineial 
percentage is also high. Sands are said to have been worked for 
glass-making about 1860 from Wansford, Apethorpe, BlatKerwyke,* 
.Burleigh, Caswick, etc. ; but the glass cannot have been of good 
(juality. Analyses of sands from (k)rby, Denford, etc., will be 
found in tlie Tables. The E^tuarine Sands of the Midlands are 
difficult? to work owing to their variability, and are rather tine in 
grain. Their suitability niiiy be determined from their analyses 
(pages 69, 156, and 162). 

The Triassic sands are usually only of value for bottle-making, 
when their alumina-content is a distinct advantage. They are 
iwt sufficiently well-graded, nor are they very pure. Washing 
may improve the Spital sand sufficiently to render it of value for 
better-class glass. • 

The Lower Permian Yellpw^ Sands are often incoherent, but are 
too deeply iron-stained and calcareous all along their putcrop to be ' 
of service. 

The Carboniferous Period was one in, which very pure sandstones 
wei't laid down, the associ^ion with much organic matter being 
here noteworthy. The decomposition df pure sandstones (c. y., in 
Ireland, near Glasgow, in Yorkshire, etc.) has givers suitable sai*ds, 
at d some very good examples have been ^ound. Such ro(^is are 
often crushed and washed before being •put upon the marleet. In 
some pale-coloured sandstones the cement is barytes (often derived 
from*Permian deposits above), when crushing hardly pays. NotTiing 
suitable seems to occur, nor* would it be expected, in Devonian^ 
strata. # 

Incoherent glass-sands are n©t to be expected from Archaean and 
Palaeozoic r^cks. Very pure quartzites occur, bpt the objections 
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to ensiled rock^ (see page 80’) ‘and the question pf expense aknost 
rule them out. Where* veiy pure i*ocks have rotted in situ an& 
been exposed tf walhingf by rain, e'tc., glass- sands anay be ^rd- 
duced. The whitish Cambrian quartzites of the Midlands are not 
sufficie'iftiy pure. Other Caftibrian sandstohes are less pure sfilj, 
aJxid the same objection Applies tp Ordovician and Silurian Kocks. 

The high alumina-bearing deposits of Derbyshire and Stafford- 
shire (Harsley Hay, Newhaven, Longeliffe, liibden, etc.) ‘kre of 
very great value for refi'actoiy purposes, and so far as glass- 
making goes, may be of ' importance for resistance-glasses such 
as those required in the making of thernsometer^, ampoules, 
combustion -tubing, etc., as well as for certain •varieties of optical 
glass. 

(b) Scotland . — The Sl-ottkli deposits fall into, two well-marked 
groups. In the lirst grouj), a‘nd of little impoi’tance, aj*e the dune- 
and shore-sands worked for bottle-making. Those from ^^^ra and 

® Islay are pure enough for better qualit}’-" glass. (.lIT the second 
group are the white, grey, or jiale brown, soft and decomposed 
sandstones of the Carboniferous System, which have been erushed 
and treated to provide “sands” for refractory purposes and glass- 
making. Such are the deposits belonging to the Millstone Grit,' 
Carboniferous Limestone Series, and Calciferous Sandstone Series 
from Caldwell, Glenboig, Hailes, Kilwinning, Kingseavil, Levenseat, 
and Plean. Of these, the best are the Levenseat, Caldv^ell, and 
Kilwinning materials. The de])osits are at present utilized for 
low-grade glass-work only. 

Many of the pre-Cambrian quartzites (c. y. Jura, Islay, Appin, 
Killiecrankie, etc.) seem to be pure enough to emsh as sources 
of silica for glass-making and furnace purposes. The expense 
involved in the crushing and subsequent treatment is, however, 
prohibitive. 

It is possible, though unlikely, that the pale-grey sandstone of 
Brora (Middle Oolites) will be worked for glass-purposes, although 
a low-gmde fuel is close at hand.© 

The glass-sand resources of Scotladd (and also of Ireland) are 
thus mucKirftjre limited than those of England. This is due to a 
geological fact — that of the absence or small development of those 
stratigraphical horizons subh as the Iijfenor Oolite, Lower Gmen- 
sand, Eocene, Miocene, seid Oligocene, which carr}^ the best 
gl^s-sands of ^esteim Europe. 

(c) Ireland . — The fiisHsupplies, in the same way, fall into two 
well-defined classes. Shore- and dune-sands, usually suitable for 
bottte-glass only, occur at Ardam (Co. Donegal), Ballycastle (Co. 
Antrim), Coalisland (Lough Neagh),* the shores of the river Foyle, 

^‘‘Millisle (Co; Down), Poi’tmsh (Co. Antrim), Rojslare (Co. Wick- 
low), Sandymount Strand near Dublin, Silver Strand near Wick- 
low), Sutton near, Dublin, and other localities. The rqpre valuable 
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“ saftds ” are obtained from the decomposition or'cnishing of pre- 
Cambrian rocks from Muckish Mountain ^Co. Donegal), Westport 
(actually fram Achill Island), Port-a-oioy fCo. Mayo), finahely 
(Co. Widklow), aji'd othei; places, and •of the sandstones of ^arbonii 
i^mus age from Ballj^astle, Cookstown, and Coolkeerngh. ’ 

The best Irish material is updoubteoiv that from Muckisffi 


Mountain, Co. Donegal. If the rock, which has already been 
describe as a partially decomposed quartzite, is properly .treated 
by crushing, screening, washing, and drying, much of it will be of 
service fpr the ^st optical «glass and’ table-ware ; the Aateiial 
geribrally wijl be of *086 for all qualities of glass. 

• The old Irish glass-industry, carried on at Baliycastle, Limerick, 
Cork, ^nd Waterford among other places, was dependent upon 
sands from Alum Bav flslt^of Wieht). Lvnn. and Eei^ate. 


•Dittrihution of the Glass-making Industry in the 
* British Isles. 

The Maps (Plates IX. & X.) show the localization of the chief 
British glass-making areas *, and also indicate the localities 
, where glass-sands are worked, the ports into which foreign sands 
are brought, and the coalfields. It is noteworthy that, with the 
exception of the London district, in which almost everything is ^ 
bbught, manufactured, or sold, the glass-making areas are situated 
upon, or veiy close to, the coalfields. The industry consumes a 
large quantity of fuel — either directly as coal, or indirectly as 
produced gas, etc., made from it. About a ton and a quarter of 
fuel are consumed for each ton of finished glass produced in tank- 
furnaces, and the consumption is greater in pot-furnaces. To yield 
a ton of finished glass about a ton and a third ot raw materials are 
required. Coal, as is well known, is much more bulky and trouble- 
s(mie to mo^e than the same weight of such raw materials as 
sand, hence the location of the manufacture. 

A general statement only is possible regarding the distribution 
of the various kinds of glas^^-manufacture. 

Optical glass is made in the Birmingham and J)Qrby areas. ' 
Table and decorative ware is manufactured in the Stourbridge 
area near Birmingham, and in Manc|j«i6ter. London, Glasgow, 
Wairington, and Tutbury ftlso contribute a certain amount. The 
Stourbridge area (including Brierley^Ifill, Dudley, Walsall, etc.) 

• has long been famous for its beautiful “ciystal ”*ware, both •on 
a^fcount of the quality of the glass and the §rtistic character^f the 
work^ • 

Scienti^c and ^technical glass is made in Edinburgh and P^rth 
as wMl as the following localities notable for laboratory and 
• 

* The writer was able to make this analysis as a result of visits to most* 
of the glass-works iit the United Kingdom, and by using finely the exoell^t 
oard-oatalogue of British Glass-Mtffitifaotnrers, compiled by the Board of 

Trade. 
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medical apparatus : — London, Leeds, Birmingham, Banisley, Man- 
chester, Dudley, and St! Helens. Gauge-glasses have been manu- 
factured at St. flelens, Manchester, Birmingham, andt Perth. ^ ' 
The ipanufaeture of electric bulbs, etc,, is no\v being Carried on 
near and far, but possibly the following may be considered ,tl^e 
chief areas: — Stourbridge, Birmingham, Tutbury, Knottingley, 
Barnsley, Leeds, London, and Tyneside. 

For hghting-glass ^generally, the districts including ‘London, 
Manchester, Glasgow, Stourbridge, and Birmingham are note- 
worth}% but the industry is carried on in many other towps. 

For pressed-ware, Glasgow, Gateshead, Manchester, .Warrin^bn, 
and Sunderland should be mentioned. Ship- ftnd lamp-lenses arc 
made in the same areas. • * 

The ])kte-glass industry is practically confined to the St. Helens 
' and Birmingham areas. ^ ShdL^t-glass (window-gljiss, stained glass, 
eb.), is made at St. Helens, Bfrmhygham, amj Oldbury, and staining 
is carried on at Edinburgh. ‘ 

In ihe matter of the total amount of ra'\^ materiaJyTfsetf and fuel 
consumed, the bottle-nuiocing branch of the industr}^ is of course by 
far tlu' most im])ortant. It would be laborious to enumerate the 
places at which bottles are made ; the manufacture is ubiquitous, and 
only the chief localities can be mentioned. The South Yorkshire' 
area is,j)f course, the district for this work. The 

bottle-industry of Tyneside has declined considerably. Medical 
bottles are made in the London, Yorkshire, Gate.shead, Manchester,' 
and St. Helens areas. Flint-glass bottles ar(‘ produced in the same 
districts, and for ordinary ])al(‘ and dark bottles the folio wung 
localities also must be added : the districts of Sunderland, Edin- 
burgh, and the Firth of Fortli, Bristol, Newport (Mon.), Queen- 
borough, Dublin, and Belfast. 

Finally, as we should expect in a city which manufactures 
everything from a pin to a steam engine, “ egg-boiler^^ ” and time- 
glasses, as well as the largest and most beautiful glass objects, 
have their birth in Birmingham. 

From what has been stated above concerning the kinds of glass 
, for which various British sands are suitable, and the location of 
both these’ sunds and the corresponding glass-making areas, an 
idea may he obtained of the transport required. To assist the 
]*eader, the most importanVvanals and ipavigable river- systems have 
been inserted on the Mapj (Plates IX. & X.) together with* the 
chief railways eonne^iions. Transport by canal, sea, or mil, and 
the very variable freightage rates on different milways will, however, ' 
preven^u comparison of the cost of moving any individual supply into 
any particular manufacturing ai'ea. Nevertheless, the maps are 
given for what they are wx)rth. 



CHAPTER XIIL 


• # 

§EcoJsOM|t' Co^’siDEjfvTloNs. — G enehal Remaeks. 

In the developmSnt ot the national rehourcfs of raw uiattn-ials for 
glass-making, questions oPthe eost of working, suitjihle treatment, 
^nd transport play a most lyiyortant part. * 

The margin of proBt u])on sand.lis stnall. Tins and the fact* 
that our la^e export tooal-trad? to tlie Continent vmal)led foreign 
sands th he brought back very chea})ly as ballast have been mainly 
responsive fo% the small development of home resources of sands* 
and allied rocks, and for the lack of investhgation into them. The 
glass-manufacturer hitheido has not ('xperimented to any great 
extent with British sands, and is thus not generally acquainted i 
with their potentialities. Moreover, before 1914 it was by no 
means certain that the best British sands actually reached the 
manufacturer. Owing to lack of systmnatic working, want of* 
proper treatment and careful transport, British materials sent to 
the glass-making areas have to overcome the prejudice which they 
previoqily caused. This state of affairs is now rapidly being 
remedied, since the cutting off of a considerable proportion of foreign 
supplies of sand, due to the shortage of labour and shipping caused 
by the war, has necessitated the systematic surveying and exploita- 
tion of British mineral resources. 

When brought as ballast or packing for bottles, Belgian and 
itutch sands could formerly be delivered in our East Coast estuaries 
at from 4s. to 5s. per ton. Fontaineble^iu sand was similarly 
delivered (although it was not usually brought as ballast) at 10s. 
per ton. These prices were doubled or trebled by the time the sand , 
reached inland glass-making districts, the railway freights on sands 
being high. Even then the prices were below those ot British sands, 
sin^ the cost of production* of the latte^ was, as a rule, greater. 

The prices at which sands etc. can be supplied are, of course, liable 
to fluctuation according to the state“of the kbour gmarket, cost of 
fjjel, etc. The figures quoted in the foregoing chapters therefore 
vary within small limits. 

Since the outbreak of war, partly owing to the greater demand 
for BritiSi materials and partly as a result of certain facilities 
having been granted which permit cheaper working^ British 
sands are being delivered at a price which will enable them to* 
compete successfully with foreign supplies. This improvement has 
been effected and a systematic development made possible by the 
high cost of foreign sands at the time of writing. Fontainebleau 
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sand costs froni 20«. to 60s. ' per ton, and Belgian and Ddtc)i 
s^nds 17s. to 23s. per toh, when procurable at all, according to ^he 
position^ of the (glass-makang area. Even when prices return to 
the nori^l level it will be jK;ssible for fsand-noie-rchants to exploit 
their d(^osits if the deipand is sufficient and if railway and canal 
facilities are given. Some British sands have for many years been 
carried as ballast from one paid of the coast to another. 

High class glass-s^nds, like tne sand from FontainebleS^u, have 
frequently been used in this country in what might be tenned 
a wasteful manner for common * gkss-manufact|ire. In ceidain 
maritime areas the sand can be obtained as cheaply as a less pure 
one, and is theitefoie used. In other areasf, rather than havh 
two different sands in use in the same glass-house, entailing 

possibility of confusion (wdiich is pefnaps unnecessarily feared), 

the manufacturer uses Eie s^ime sand for crystal table-ware and 
also for commoner glass. ‘ ^ 

As a result of the importation of foreign sands, many * British 
supplies which were formerly worked have been abapd(5nea. Glass- 
sand appears to have fallen very considerably in price during the 
last fifty years, for, in 1858, Aylesbury sand fetched 25s. per 

ton at Aylesbury. In comparison with the present prices of 

British glass-sands given in the previous chapter, it may be 
stated that the average price in the United States of America 
is 4js. per ton. 

Each of the economic factors will be considered in turn. 


Workability , — In recommending sources of sand suitkble for 
glass-making (or, for that matter, any other industry) due con- 
sideration must be given to the very important question of work- 
ability. Since the margin of profit on sands and gravels is low, 
attention must be paid to many factors other than those concerned 
with the actual properties of the sand. Of the latter, the high 
silica and low iron -content, low heavy-mineral percentage, absence 
of harmful minerals, the even grade (medium or fine sand), and 
jiossibly the shape, are the chief poiqts to be considered. High 
content of, alumina and potash are at times valuable. 

In the fiel3 occurrence of the sand, due regard must be paid to 
the regularity of the depqs^it, the quantity available, the location 
with respect to supplies of fuel and markets, and to transpoi<iing 
routes, whether by road, rail, c^nal, or sea. The accessibility of the 
deposits — on hills, ndkr bogs and marshes, on river-bottoms (from 
which ^they are dredge^, or in sea-cliffs — as well as the conditiolis 
of quai^rying ( workable dep4]h below ground-level, position of water- 
table, direction of drainage, thickness of overburden, etc^), and the 
stat^’ of the local labour market have to be considered. 

Treatment . — The cost of washing sands is usually about 6f?., or 
perhaps rather more, per ton. The^ditional handling and moving 
consequent ujwn washing, diying, or treating magnetic^y a sand or 
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crusked rock, raise the cost . considerably. Little washing is done 
in England, and where it is carried on, ordinary draining and air- 
drj^ng are generally considered suffioiejjt. •The ^question is, o5 
course,’ onP of cost hut washed deposits ought to be driedf before- 
bgipg put on rail or ofl board ship, for'carriage should not%e paid 
upon water. Sands have the po;^’’er of ilhiining a considerable 
quantity of water, and their hygroscopic nature should be clearly 
recogrdzed. When crushing, wasliing, and drying are carried on, 
the proximity and price of fuel supplies and the available water- 
supply arp important factors., if the crushing, screening, ^tc., of 
pui^ sandstopes anck quartzites ever becomes a paying proposition 
in this country, a considerable quantity of iiav\^naterials will be 
found ^ occur in the older rocks, especially in Scotland and Ireland. 
At present, for all but thv best glass-ware, most of tjiese are 
ruled out. If a ^ rock whidli has tq|be «rushed is to be worked 
successfully, it must be exceedii^ly g^od in chemical composition, 
and faiiiy accessible. 

Such lUckirare at tiirfes of value for the alumina or the alumina < 
and potash, as well as the silica, which tlu^;)" contain. If they are 
very hard, subsequent electromagnetic treatment is necessary, after 
crushing, to free the sand from particles of steel, etc., derived from 
•the crushers. The cost of electromagnetic separation is 6c?. or 
more per ton, according to local conditions. 

^Where sandstones and quartzites are disintegrating under atmo- , 
Spheric conditions, working may be carried out profitably, for the 
crushing, washing, and drying are done by natural meins for 
the exploiter, and the deposit often needs screening only. If such 
deposits or other glass-sands are situated at a suitable elevation 
and water-power is available, the use of monitors to wash down 
the sand may be found advantageous. Gfravity will then assist 
in transport, and the washing may well improve the quality of 
the product,^ both as regards mechanical composition and iron- 
c(ftitent. 

The enonnous glass -industry of the Middle Mississippi Basin is 
supplied by crushing the St. Peter’s Sandstcfne, which crops out in 
the States of Minnesota, »Wisconsin, Iowa, Illinois, Missouri, 
Arkansas, etc. It is blasted, crushed, screened, wasb^d^and dried. 
The well-known Oriskany sandstone of West Virgin^ (Berkeley 
Springs, etc.) is similarly treated (see Ohfcpter XI.). Certain pure 
quaftzites are, it is said, now being cru^ed and treated in Sweden 
to provide the sand for the man’omcture, of the well-known 
laboratory glass. Before 1914, Fontainebleau and Bippe sands v^re 
imported for the purpose. 

Trfinsp^rt . — Carriage by road is expensive, and aerial trsyisit, 
even for shoi*t distances and when aided by gravity, does not 
always appear to be satisfactory, besides being frequently costly.^ 
Railway freights *upon sand (as well as upon the finished article, 

f ljiss) should be reduced so to permit the transportation of 
nglish glais-sand over any distance. Glass^sands, being pnm, 
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are unfortunately at present' stibject to a more expensive rata'tb|n 
ordinary sands. CaiiEll- transport should replace rail -transport 
wherever po8siJ)le ii^ dev, ^loping British sand-resouraes, and must 
be further revived and reorganized for this purpose, as too few of 
our dfe^sitsare situated near the sea or large' rivers (see Plate 1^^). 
‘•There is urgent need fdr the improvement, repairing, and widening 
of canals. With a decrease in the cost of transport, it may well 
be that the sand-njrcrchant will find it possible to tre^t and 
improve his ^ sand (perhaps to dry as well as wash and screen it) 
before* delivery, and thus more s^uccessfully compete wi^h foreign 
supplies. Co-operation between users and producers pught W lead 
to increased demand^ and therefore to more extensive and cheaper 
exploitation. « „ 

The levying of greater import duties'- upon foreign sands may not 
be desirable, but it may have ^o be considered. If British sands are 
to be exploit^ji to any large extent, the question of the necessity 
for a revision of freights, leading to standardization and reduction 
. is urgent. It should be noted that certain Continental supplies 
of glass-sand are larger^ more regular and persistent, and in pai*t 
purer than deposits in our own country. 

Statistics . — The available figures relating to the impoi’ts and 
expoidis of sands are of the most meagre chameter. In the Home 
’ Office Beturns of Minerals, etc. *, it is stated that the Production 
of Gravel and Sand in 1918 was 2,409,152 tons of value £184,818, 
and in 1914 was 2,498,872 tons of value £215,351. The value 
was therefore about 1«, to !«. Hd. per ton. The prod\^ction of 
sandstone in 1918 was 8,977,808 tons of value £1,148,431, and 
in 1914 was 3,464,528 tons of value £1,057,096. The value was 
therefore about 5s. ^d. to 6s. per ton. In 1915 the output of sand 
and gravel was 2,350,267 tons of value £213,373 (Is. lOd. per ton), 
and of sandstone, 2,520,856 tons of value £758,325y(6s. per ton). 
No separate figures exist to indicate even what proportion of the 
total was occupied by sand, much less to show what was the 
separate production of^building-synds, glass-sands, moulding-sands, 
soap-making sands, filtration-sands, abrasive-sands, etc. 

For the following figures dealing with imports and exports of 
sands, the ^writer is indebted to the Comptroller- General of the 
Department of Commerci&l Intelligence of the Board of Trade. The 
total value of the exports qf Earth and Sand of British production 
during the five years, 1911 to* 1915 was as follows : — 


^911 je38,884 

1913 23,912 

1913 23,470 

1914 15,773 

1915 10,655 


^ Home Office : Mines & Quarries General Beport : Fart IH., Ofitput for 
191& (1917), and previous issues. 
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^t/tement showing the Imports and R^-exports of Sand into 
* and from the United Kingdom id the ye||,rs 1911-1915. 

* ' % * A k 



> 

* Total 

Imports. 

: A 

of wkich from : — 
Belgium. ijFrance. 

-» r— 

TotA • 

Re-exports. 

1911 

Tons 223,095 

197,670 

25,554 

7 


j .£ 85,322 

68,623 

1«,377 

15 

1912 . 

Tons 228,822 

197 187 

27,582 

8 


I .J 89,338 . 

#6^^712 

18,399 

27 • 

1913 .. 

. Tons • 273,352 

233,754 

i 35,157 

1 


, £> • 103,095 

79,085 

1 20»,72# 

2 

19M .. 

. Tons 195,8«0 

150,945 

; 33,523 



£ i 80,64^ ^ 

54,165 

19,173 

• 

1915 . 

.... Tons 102,103 

35,0i3 

* 33,662 

' 537 1 

• 

W“ 

. £ ^5,433 

4^ • 

'* 20,21^9 

1 

24,815 

!• 741 


With tlie exce])tion of a little special niou4ding-sand and furnace- 
sand, this imported material ma) he taken to he sand for glass- 
’ making purposes. The figures tell their own story of war-conditions. 

General Remarks . — As a result of tlie chemical investigation 
which has heen going forward while this geological enquiry has 
Heen in hand, it has heen found that a lower standard of purity 
than that hitherto admitted may he permissihle in glass-sands. 
Owing tp the paucity of chemists and works’ laboratories in the 
glass-trade generally, little check has heen ke])t upon other raw 
materials, and these have frequently heen found to he impure. It 
should be possible to obtain the latter in a high degree of purity, 
and if any latitude is permitted, it should certainly he in the sand, 
where freedom, from iron and casual impurities is more difficult to 
ensure than in' manufactured chemical products. I'he sand has 
often been suspected, while the manganese dioxide, red lead, lime- 
stone, or even felspar, have heen responsible for tlu^ iron. On the 
other hand, by varying the composition of the glass, less pure sands 
may be used to produce excellent ware, of water- whitenfess*and gieat 
brilliancy. The limit of iron oxide in sands for cei’i^iin optical 
glasses may, according to J^rofessor Str Herbert Jackson, even 
>reacfi 0'04 per cent. t 

The cost of chemical treatment '^of samh may^ also not be 
*pi^hibitive when the manufacture of optical glass is under con- 
sideration. 

While there are deposits in this country equal in quality to 
Fontainebleau sand, they do not appear to equal that depDsit 
in extent and maintenance of sample. Our very pure and well- 
graded sands are of limited extent, but we possess large supplies of 
• sand suitable for •flint-glasses, ^^-glasses, laboratory-ware, lamp- 
chimneys, globes, bottles, etc. Suitable sands for black and green 
bottle*- work ftre common enough, and are widely distributed. The 
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price paid for sands for common glass, in many British areas ds ^r 
higher than it need be. ^ 

Goo4 crystal ware ha^ been made from Aylesbury sand, a«d 
the application of this and other sands to^best glassi-work is steadily 
growing. Selected samples might well be tried for certain optiq^l 
glasses *. For such giass the , variation in cost of sand is small 
compared with the consideiable cost of production. It has been 
said th&t the whole \^rld’s trade’ in optical glass would not yield a 
stockbroker’s proftt. Before the war the production of optical 
glass probably did not aihount lo «more than £V few tons a year. 
The price of the sand is therefore not such^ an acute question, 
and a highly desitrabla sand will be obtained at any reasonable price, 
even where transport is expensive. ^ < 

Early in this Memoir Jt wa<s pointed out that , sands suitable for 
glass-making Pand therefore carrying a high percentage of silica, 
or silica and alumina) were of great value to the steelidounder 
for furnace-bottoms, soaking-pits, moulding-sands, silfca-bricks, 
crucible-making, etc. '•We must note that the price paid for 
such sands by steel manufacturers and founders is usually well in 
advance of, and sometimes double as much as, that which the glass- 
maker is prepared to pay. Freedom from iron oxide or a very low^ 
percentage of it is not essential to the steel-maker ; it is therefore 
desirable that the best silica-sands should, if possible, be retained 
for glass-making. Many deposits exist which are of gi'eat use a^i 
refractories, but are quite unsuitable for glass-making. 

Glass-manufacturers have been very fortunate in being able to 
obtain from abroad large and constant supplies of their essential 
raw material, pure sand, at a comparatively low prjce. The con- 
stancy in grade and chemical composition has enabled them to go 
forward with very little alteration of batch, and with no apparent 
need for investigation and analysis. The future canhot be ignor^. 
It must be understood that foreign deposits, in particular those 
of Fontainebleau, are "not inexhaustible, nor is it likely that^ they 
will always arrive in this countiy so ‘’cheaply or so true to sample 
in consignm^it after consignment as they did before 1914. The 
output of Fontainebleau sand might at any time be restricted for 
domestic reasons, or a tariff might be. put upon it. It then^ore 
behoves glass-manufactureifs to investigate the properties of ineir 
g%s-8ands an^ the ' questions of suitability or unsuitability of 
Bmish supplies. More skilled chemists must be employed in t^ 
works ^Jo investigate n6't oply the finished products and the neces- 
sary mixtures for special glasses, but also the chemical and 
mechanical composition of their raw materials,' including »sand. 
The discussion of the uses and nature of sands, and of the methods 

' • While this Memoir has been in t^e press, exoelleait opticial gteas hM 
baaa maxmfaotnred from a munber of Irtish tandte, many, lese iMM 
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of study, together- with the l^equirements yf good glass-sands, have 

* bepji expanded in this Meiuoii; with thh view ^ aiding glass- manu- 
facturers to investigate sands for themifelves. Chemical analysis 

• is familiar to all: Mechanical analysis can be carried (|pt with 
very little apparatus, which is also, such a^an generally be blowy 
in the works. Mineral analysis indicates the presence or absence 
of eer^in. objectionable minerals*in glass-making, and will enable 
the manufacturer to determine, within certain limits, wheflier his 
successive consi^ments come fronj the^ same bed or quarry^ The 
las^^method of f^ork, for example, is sufficient to prove at the 
present time whether the consignments of sand, which may well 
fary slightly in chefnical or mechanical consi^tifflon, are the same 
Belgiaft or Dutch sand as "ftiat hitherto obtained. 

Our Colonial r^^sources of sand, jlirtiAilarly wdth reference to 
moulding (yr, perhaps refractciries generally) and»glass-making, 
ought tft be thoroughly investigated. If it becomes desirable that, 

“Hfor certain spQpial glasses, such as the valuable and important 
optical glass, the Empire should becom# self-supporting, it is 
highly probable that sands of sufficient purity and of suitable grade 
will be found in the Colonies, and may be shipped home, possibly 
'as ballast. Such sands occur, among other places, in India, British 
G-uiana, South Africa, and Victoria. The pulps obtained by crushing 
(juartz-rock for extracting gold are often very pure; they accu- 
mulate in large quantities, but the remoteness of their location 
possibly I’ules them out. A revival of interest has recently 
taken p^ace in Indian glass-making. The Tertiary deposits of 
Northern India are of similar age and character to those of 
Western Europe, which contain such excellent glass-sands. India 
may, therefore, well be self-supporting in the matter of glass-ware, 
and, if desired, may provide the necessary pure sands for British 
optical glass-imaking. This is one case among many, but it serves to 
eifiphasize the desirability of further investigation and of closer union 
in industrial and scientific questions between the Colonies and the 
Mother country. 
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Table I. — British Glass-Sands : Iron'- Content. 
c ' ‘ 

With a few excei^tions, confprete analyses were not made of the sands 
mentioned below. 


c 

Percentage wights, as Fe^O,. 


*age. 

—t - — 

c 

. 

Page. 

• * 



Pre-Cambriani — . 


«. *• 

< ' , 
Jurassic *. — , 


81 

§Mucki8h Mountain, STrench 1 

•028 

90 

Brora 0 *> 

c 

81 

„ „ 2 

•022 

65 

^ §Huttons Ambo, unwashed 


81 

M „ „ 3 

•009 

65 

^ „ „ wasfied . 

•03 

81 

„ ' „ Bulk sample 

•02 i 

( 



96 ( 

' Westport, uncrufihed * 

•fc04l 


Wealden 


96 

„ orush^, No. 3 

•04 

f') 

Bexhill . . . 

•06 

93 

Port-a-cloy (a) 

1-82 

52 

§Fairlight, old pit 

•02 

93 

f „ (b) 

•09 

52 

t „ church f:jt (bulk) . . 

;D2 

98 

„ (c) ■ . 

•23 

52 

„ f „ „ another 

•023 


c 


52 

„ „ selected , 

•002 


Garhoniferom ’\ — 


54 

§Bulverhyth 

•04 

86 

^§Caldwell, washed and screened . 

•08 

55 

§A8hur8twood (a) . . ' 

•01 

91 

* §Cook8town, red sand 

•04 

55 

„ (b) 

•015 

91 

„ washed 

•02 1 




92 

Coolkeeragh, unwashed 

•13 i 


Lower Greensatul : — 


92 

’ „ washed 

•075 

58 

§Leighton Buzzard, unwasht^ 

•14. 

89 

§Glenboig, N.B. 

•27 ! 

58 

„ „ washed 

•09 

62 

§Guiaeley, uncrushed 

•03 i 

56 

§Lynn (Boam), unwashed 

•19 

82 

„ crushed 

•09 ' 

56 

„ „ double washed 

•04 


liondonderry .. 

•11 

56 

„ (Gay & Wilsoli) 

•16 



r 

iFe,0, 


« 


115 

Meldon rock, A • • • 1 


1 *03,': 


Eocene : — 





FeO ' 

71 

Fordingbridge, A 

•03 



L 

•26 : 

71 

„ B 

1 -02 

115 ^ 

„ „ B \ 


FeO 1 

69 

Longdown, unwashed 

•09 


” ” 1 


•15 ' 

69 

„ washed .... .«• 

1 *06 

83 ’ 

§Mold, unwashed 

•024 




83 

„ washed 

•020 



1 

115 

Par ohina-stone, uncrushed 

•08 


Doubtful age : — 


115 

„ „ crushed 

•12 

102 , 

§Ribden 

•38 


Permian : — 



Glacial ; — 


c 

Pontefract, treated 

-09 


§Bawtry, unwashed 

•71 






, „ washed ^ 

^ -68 


Trias i— 




Eainford, unwashed ... .*( 

•05 

76 


’ •?2 i 

64 

„ washed ..7. 

*03 






127 

> Ea^sdiffe, untreated 

•20 




127 

„ treated (coarse) . . 

•03 i 

j 

Shore-Sands ; — ® 


127 

*■ . * , 

•048 

77 

Ardara, Maghera 

•70 

B4 


•06 


Clonakilty 

1-28 

84 

„ • washed (another sample) 

•09 


t ® , 


74 


•51 

139 

India, 21/186 v 

•08 

74 

^ „ Y^*‘bed(anal. J.H.D.) 

•19 

13ft 

„ K/624 V 

•24 


§ Tlioffe flandfi are also of Talae for r^raotory pnxpoaM. 
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Table IV. — Ohemical Akaltses op Felspar-Beabeng Rocks (Peghatites). 

^ Percentage weights. 
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Mechanical Analyses of British Glass-Sands {continued). 

I Percentage^ weights. 
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MECHAiacA-L Analyses of British Glass-Sands {continued'). 

Percentage weights. 
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TaJBLE VII. MeCHANTCAL AkALYS£?S OF EuKOPEAN GlASS-^ANDS. 
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Tat3LE YIII. — Analyses of Danish Glass-Sands 
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Sc^oene Elutriator. 








MeS. QlJSS-SaM)S, Pl. in 



Fig. 3. -Ayl^bury Sand. 


Fig. 4.— Godstone Sand. 



Fig. 5.-Burythorpe Sand. Fig. 6. Crushed rock : Guiseley. 

PlV)tomicrographs of GJass-Sgtids (reflected lig-ht). 

[All figurfs magnified^O diameters.] 




Figf! 5,— rrushed Vein-Quartz, 8.— Sand from King’s Lynn. 

Achiil Island (Quality 3). • ^ 

Photomicrographs^of Glass-Sands (reflected light). 

* * ' fAll fiffurea maernified 21 diame^era.l 







Fig, 1.— Sand from Berkeley Springs, West Virginia, U.S A. 



Fig. 2. — Sand from Ottawa, Illinois (Wcdron Silica Company), 
U.S.A. 


Photomicro ^ aphs of American Glass-Sands 
(reflected ligh' ' 




Sand-pits near King's Lynn (worked by Messrs. Joseph Boam Ltd., for glass-making and refractory sands; 






Rikof’s lyiachme for tfie Washing of Sands 
(Tbo draining -cj|no wliown in Fig. 13, p. 1-3, is partly obscured by the staging 
an^rtK marked by a white cross.) 




AP SHOWING THEV;JTCROPS OF THE GEOupOtCAL 
FOPMAT^HS IP? GLASJS'SANDS OCCUR, AND ALON^S * 

•WHICH eXTENSIONpF SUPPLIES MAY BE EXPECTED. ^ 

. Professor P.G.H.BOSWELl 








ENGLAND WALE!5 


\Scar'borough 

Malbon V 1 

York ’ t [ I, 


n iv 


# e^Alderley \ / 


1 ^ 


I * Kings l!ynf' \ 

•VVansfbrd 1 \ 


Leighton Burzard 1 


) 

f eigatc "j 

, ■'• Tunbridge Wj^s 
• * ^-^olkesto 



oo^anot Beds . etc 
louver Gremnsand 


Htuit^ngs Beds 


icwsic Sands ^ 

Sands For common botUe- glass are not included 









Plate X 

> •• 

SKETCH- SHOWING THE.LOCATfdN t)F THE CHIEF IRISH RESOURCES OF 
GLASS^^SANDSNN. R€L^TION TQ THE GLASS-MAKING Af^EAS? / 

^ COAL?\ELDS. RAIlCvaV,S, AND INTERNAL WATERWAYS.' ^ 



3 Gla86-maJ<ing areaj 
l~~~" ^ CoaJf'ield.s 


The depch of colour m the ^loa - makmg areds yielcfS an mdicattonof the 
oha/HAUsr of che^iass made, the grealeet depth of colour represenong 
the commonest form of glass- veajre h the sojve way, the sa/id-produong 
are Unbed m accordance wdh the sand produced the paJkst colour 
Glass- sand producing areoos marhirhf the highest quality malengJ 

• NB GIoas mts formerly made at Cork. Waterford, Ballycastle i other place 

WtUPfiCash-feispar deposits . Belfast i Dubhn are now the only seats of the industry 


flpilways m^ed 

Canals & Wat er ways m blue 
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Descnptiwis of });irlicnlar G#iss-Sand.sfetc.^ccur on pages 
* iiiarkotl in black figures. 


\})cr<lecn, 17, 105. ^ 

\bergele (Denbifih.sbire), Tfi, 104, 
126, 141. 157, 164. 

Vbrasive Sands, 3, 47, 511, S-l 1)7. 
Absorbent Sands, 5. • 

Accuracy of Elntnation, 27 
^ohill Island (Co. Mayo), !>6, 128, 
145. See also Westpoit 
-^^id Treatment of Sands. 1 26. 
Agriculture, Irisli Departuu'nt of, 82. 
Agriculture, Sands used in. 2. 
Air-blast, 124. 

r\.ldei'ley Edge (Cheshire), 76, 141. 
142, 154, 162. 

Allahabad Glass Works, 131i, 157. 

A Ilothigenous minerals, 16. 

,A.lsop en le Dale (Derbyshire), 102. 
.Alum Bay, Isle ol Wight, 72, 146, 
141, 144), 15^, 163. 

Afumina-bearirig lb)cks, 1 1 36, 42, 
89. 98 99, 166, 127, 143, 158. 
Alumina, used in Glass-manufacture, 

m- 

American (flass-Sands, 34, 45, 48, 
120, 134. 135 , 136 , 137 , 138 , 169. 
176. 

Amlwcli, Anglesey, 96. • 

AiiiHionia, Use of in Elutriation, 22. 
Analyses of raw materials, 152. 
Anglesey, 96, 155. 

Angularity of Sands 2, 3, 12, 4f5. 
Antrim Co., Sands from, 77, 90, 
165. 

.Apethorpe (Northants), 68, 143. 
Aplite, 106, 115, 12*9, 159. 

Apparatus required for Analy^s, 
16, 21. 

Appin (Argyllshire), * 95 , 99, 129, ,144^ 
155. 

Apted, A. B., §1. 


Arclnean Rocks, tT), 143. See als^ 
IJi-e-Cainbrian 

Ardara, Maghera (Co Donegal), 77, 
144, 154, 165. 

Arcing deposits, 141. 

Argyllshire, Quartzite from, 95, 9i), 
129, 144, 155. 

Argyllshire, Pegmatites from, 114. 

Arkansas, U.S.A . 149, 

Arklow (Co. Wicklow). 97. 

Arkwright and liapapurt, 81. 

Arnold, .foseph, 51, 58, 156. 

Arsenic, Use ol, 36, 42. 

Ashcroft. E. A.. Process for extrac- 
tion ol Potash, 118. 

Ashdown Sands, 35, 52, 54, 146, 141, 
142, 156. 162, 163. 

Ashf Old (Kent), 162. 

*Ashgrove Loch (Kilwinning), 87. 

Ashurstwood (Sussex), 55, 141, 154, 
J56, 162. 

Aughrim (to Wicklow), 113. 

Australia, Sands from, 139. 153, 
157. 

Authigenous mineral*, 16, 117, 135. 

Average Diameter of drains, 27. 

Aylesbtry (Bucks), 12, 35, 47, 49, 56, 
5L 56, 119, 126, 140, HI, 142, 
152, i56, 163. 

Aylesford (Kent), f>5, 62, 141, *142, 
156, 163. . 

Ayrshire, Sand from, 87. •• 

Badcall Pier (Sutherl^ndshire), 110. 

Ba|shot Sand, 18, 35, 69, 71, 72, 73, 
140, 141, 154, 157, 163, 164. • 

Baked Clay added to batch, 99, 
108. 

Balgownie Links (Aberdedh), 17. 

N 2 
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Ballinderry E. (Cook8towti), 91. 
Ballycastlo (Co. Antrim), 77, ^0, 144, 

' 145, 155, lOl, ir»5, ^ 

Ballyiuamis (Co. Wicklow), 113. 
Ballynipncy (Co. Antrim). 91. 
Ballynoss [Co. Bonef'al), 82. * ' 

iSillyphetrish (Tnoc)- 11*5. 
Ballvshaniion ((’o. I'or.ocfa]), 113. 
Baltimore U.S.A . 138, 1ft.) 170. 
Bank-end P5irni Kil winning. 

Banbury^ ()9. 

Bardhcy Island ((.'ai narvonslurc), , 
Vein -quart/ from 97. , 

Barium Felspar (Celiiau), 110 
Barnsley Glass-Works. 40 124.132, 
146. 166, 167. 

Barton Sands, 70, 111 ^ 

Barytes, Cementing' Sand'toiu' 36, 
143 , 

' Batch ' for Glaijs-making', 35. 
Cawsey Saling near Lynn, 58 
Bawtrv { Y<)iksliir(') 154 * 

Bears! ed (Kent) 63, 111. 1<6 163. 
Bebington (Cheslnie) 85. 
Bedfordshire. Sands from 1 41. 58 
141. See also Taeghton Buz/ard 
Benin t'eannalxunne Ibirness, 110 
Belfast Bottle-making at 85 92 

.146 

Belfast Lough, 1 57. 

Belfast Colhn <llen. 117, 159. 

‘ Belgian Led” Moulding - Sand 29. 
311 

Belg.an Glass-S.ind' 31 41 16, 19 

5't 51 56 67. 12(:. 132, 1 17 1.53, 
lOi; 167 168. 

Belleek (Co Fermanagh). Ill, 112 
113, 114. 169. 

Belleek Pottei >.111 1 1 4. 1 60 
Belinullet (Co. Mayo) 114, 169 
Berkeley hand Co (W \a) 1?7, 

169 170. 

Berkeley Sprlng-^ (W V,i i, 18, 137, 
149, i69 1«70. 

Berk>-hire SandV'o., Cheshire, Mass, 
136,169,118). 

Bexhill (Sussex), 54. 154, 162. 
Birkenhead 86 c 

Birnnnghaiu. Glass-makng at, £2, 
14'o, 146. 

Birmingham Public Libmry, 33 
Biriinn^nain Moulding-.Sand 30^ 

Bischof C , 33. 

“Bliekfoot” Mouldmg-Sand, 73. 
Blackgang Chine (Isle of Wight), ^41, 
163. 

tBlackheaith (Oldhaven) Beds 164. 
Blake Moor (Derbyshire), 102. 
Blatherwyke (Northknts), 68, 143. 

“ Blowmg-but ” of tine material. 45. 


Blown-Sanda, , 17, 32 44f 77[fl41v;- 
165. , ' ' \ ■ 

Blyth (NorthiimberlaniB, l(o). •/ 

iloani, Joseph Ltd.^ 56. 154|.1(I3.*" 

• Bodmin (Cornw.ail), 107. \ / 

Bohemian Glass, 35, 48, > ‘ 

Bolas. T.,^33 

f Bottle-Glass, 35, 42, 43, iS, 56, 64, 

66, 68. 73, 75, 76, 85, 89, 92, 99, 

116. 142, 143. 146. 

Bovey Beds, 31 101, 103. 
'Brandenburg. Sandtfrom. 3/3. ^ 

Bramlord (SulbSlk), Glauconite from, 

117, 159. , ' 

Brandy Gill Gianoiihvri' fiomf 106, 
158' ‘ ^ 

Biassington (Derbyshire), 98, 103, 

157 lo4. 

Braunkohle as.soenitc'd uith Glass- 
Samls. f3(i, 110 ' f 

Brick add* d to badch, 98 
Brick-niiiking, .S.iikO for 4 29 
Bridgw <itei Bind. .m1<1(*i 1 to b.itcdi, 98. 

158 

Biidpoini’oiscD 1.5. 1 1.3. 

Biiethy Hdl (Staffs) Glass-making 

iit iV.. 

Biisful. Glass-making at, 71. 1 16. 
Bntish Guiana S.!!!!!-- Iroin, 153. ♦ 
Briti'-li Saiu's .suitable foi Glas^- 
makiiig 19 

Lntisli .Silica and IMinerals Co. Ltd 
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Dalradiay Bocks, 77, 81, 93, 95. 
Danish Glass-Sands. 34, 45, 1^8. 
Dartmoor, Alumina - bearing Sa^ids 
near. 9, 101. » 
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Denbighshire, SamDtone from, 104, 
141, 164. 
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Fire-bricks, 38. 
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